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(54) Tide: TRICYCLIC AND TETOACYCLIC PYRONES 



(57) Abstract 

This invention provides cancer-active tricyclic and tetracyclic oxypyrones and a method of synthesizing these compounds. Preferred 
compounds have aryl groups at the 3-position of the oxypyrone ring. The tricyclic oxypyrone synthetic method is a simple condensation 
reaction of pyrones with cyclohexcnecarboxaldehydes, providing high yields and using few steps. The tetracyclic oxypyrone synthetic 
method is a simple condensation reaction of carvones with pyrones. 
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TRICYCLIC AND TETRACYCLIC PYRONES 

BACKGROUND OF THE INVENTION 

It was recently discovered that arisugacin, a natural product isolated from a culture- 
of PeniciUium, is an inhibitor of acetylcholinesterase (AChE), and on this basis arisugacin 
has been predicted to be effective in the treatment of Alzheimer's disease. Related 
compounds also showed inhibitory activity. Omura, S., et al. (1995), "Arisugacin, a Novel 
and Selective Inhibitor of Acetylcholinesterase from PeniciUium sp. FO-4259," J. 
Antibiotics 48:745-746. Arisugacin and the related compounds are tetracyclic pyrones 
(having four fused rings). Other tetracyclic pyrones, certain pyripyropenes, have been 
shown to be inhibitors of cholesterol acyltransferase (ACAT), and therefore have been 
predicted to be effective in the treatment of atherosclerosis and hypercholesterolemia. 
Omura, S., et al. (1993), "Pyripyropenes, Highly Potent Inhibitors of Acyl-CoA; 
Cholesterol Acyltransferase Produced by Aspergillus Jumigatus,'' I Antibiotics 46:1168- 
1169; and "Kim, Y.K. et al. (1994), "Pyripyropenes, Novel Inhibitors of Acyl- 
CoArCholesterol Acyltransferase Produced by Aspergillus fumigatus'' I Antibiotics 
47:154-162. Pyripyropene A, one such inhibitor, is further characterized in Tomoda, H., et 
al. (1994), "Relative and Absolute Stereochemistry of Pyripyropene A, A Potent, 
Bioavailable Inhibitor of Acyl-CoA:Cholesterol Acyltransferase (ACAT)," J. Am. Chem. 
Soc. 116:12097-12098. 

A number of multicyclic pyrones are known to the art and described in Chemical 
Abstracts; however, tricyclic and tetracycic pyrones as disclosed and claimed herein, 
appear not to have been previously described. 

There is a need for simpler inhibitors of AchE and ACAT that are useful as 
treatments for Alzheimer's disease, atherosclerosis and hypercholesterolemia. 

SUMMARY OF THE INVENTION 
The tricyclic and tetracyclic pyrones of this invention are useful as inhibitors of 
AChE and ACAT, and can be used in the treatment of Alzheimer's disease, atherosclerosis 
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and hypercholesterolemia. The tricyclic compounds are also potent inhibitors of cancer 
cell growth and macromolecule synthesis (e.g., DNA, RNA and protein synthesis) and can 
be used in the treatment of various forms of cancers including leukemia, ascites, and solid 
tumors. Further, their short-term inhibition of macromolecule synthesis is reversible 
following removal, but their long-term inhibition of tumor cell growth is not. Importantly, 
the tricyclic compounds are also powerful inhibitors of tubulin polymerization and may be 
useful as cell cycle-specific anticancer drugs. As hereinafter described, certain of these 
pyrones are useful intermediates in the synthesis of other pyrones of this invention. The 
tricyclic compounds are cytostatic but not overiy cytotoxic. 

The tricyclic pyrones of this invention include compounds selected from the group 
of compoimds of the formula: 




I. 



wherein: 

T is independently CH, N, S or O; 
X is independently O, NH or S; 
Y is independently O, NH or S; 
Z is independently CH, N, S or O; 
is independently Formula I; or 

and R^and R"* and R^ are, independently, H, OH, alkyl, alkenyl, alkynyl, an 
aromatic ring system, 

8 S ° 

OR. C-OR, 0-C-R, NHa. NHR, NRj, W, CW3, SH, SR, MOR, M-C-OR, M 
O 

_0-c-.R. M-NH2, MNHR, MNRa, MW, MSH, MSR, A, or MA. 
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wherein R and M are independently H, alkyl, alkeny! or alkynyl, an aromatic ring system 
amino, amide, sulfhydryl, or sulfonyl, W is CI, F, Br or OCl, and A is an aromatic ring 
system. 

and R^ are independently H or R ^ere R is as defined above. 

5 

As used herein, the term "aromatic ring system*" includes five and six-membered 
rings, fused rings, heterocyclic rings having oxygen, sulfur or nitrogen as a ring member, 
OR-substituted and R-substituted aromatic rings v^diere R is defined as above. Preferably 
the substituents have one to five carbons. As used herein, the terms "alkyl," "alkenyl," an 
10 "alkynyl" include C1-C6 straight or branched chains. Unless otherwise specified, a 
general formula includes all stereoisomers. 

Compounds of this invention also include compounds of the formula: 




n. 



wherein: 

X, Y and R^-R^ are as set forth for Formula I; 
25 rMs independently Formula II or as set forth for Formula I; 

R^^ is independently NHj, OH, or OCOR where R is H, or alkyl; 
R^^ is independently OH or H; and 
R^^ and R^^ taken together are O; 



30 



WO9a/39010 



PCT/US98/04361 



4 



compounds of the formula: 




X 



R 



in. 



wherein: 



X, Y, T, Z and and are as set forth for Formula I; 

R^ is independently Formula HI or as set forth for Formula I; and 

R^ is H when R^ is OH, or R^ is OH when R^ is H, or R^ and R^ taken together 

are =0; 

compounds of the formula: 



wherein R^ is independently Formula IV or as set forth for Formula I, and R^ is as set 
forth for Formula I above; and R^, R"* and R^ are defined as R^ for Formula I above; 

and compounds of the formula: 




IV. 




V. 



wherein R^ is Formula V or independently is as set forth for Formula I above. 
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The tetracyclic pyrones of this invention include compounds selected from the 
group of compounds of the formula: 




wherein: 

and are independently as defined as R^ as set forth for Formula I above; 
R*^ and R^^ and R^^ and R^"* are independently defined as R^ as set forth for 
Formula I above; and 

R^^ is H, alkyl, alkenyl or alkynyl, an aromatic ring system, amino, amido, 
sulfhydryl, or sulfonyl. 

A preferable class of compounds of this invention useful as macromolecule 
synthesis inhibitors in cancer cells are compounds selected from compounds of the 
formula: 
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v^erein: 

is independently selected from the group consisting of H, R, 3-pyridyl, R- 
substituted 3-pyridyl, phenyl, R-substituted, di -substituted and tri-substituted phenyl, O-R- 
substituted, di-substituted and tri-substituted phenyl where R is as defined above; and 
preferably comprises an aromatic ring; 

R^ and R^ are independently selected from the group consisting of H and R, where 
R is as defined above; 

R^, R"* and R^ are independently selected from the group H, R, OH, OCHO, and 
OR where R is as defined above; and 

T and Z are independently selected from the group consisting of CH, N, S or O. 

Most preferably, the compounds are selected from the group consisting of 
compounds of Formula 1 wherein: 

R^ is independently selected from the group consisting of alkyl, 3-pyridyl and 3,4- 
dimethoxyphenyl; preferably 3-pyridyI or 3,4-dimethoxyphenyl; 

R^ is independently selected from the group consisting of H and CH3; 

R^ is independently selected from the group of H, OH, and OCHO; 

R"* and R^ are independently H; 

R^ is independently selected from the group of H and isopropenyl; and 
T and Z are independently CH. 



wo 98/39010 PCT/US98y04361 

7 

Throughout the specification hereof, chemical structures are depicted and 
numerically labelled. The names of the numbered structures are set forth in Table 1 and 



indicated in boldface in the text 

TABLE 1 



Names of Structures 


lA 


3-methyl-l/r-5a,6,7,8,9-pentahydro-l-oxopyrano[4,3-b][l]ben2opyran 


ID 


b][l]benzopyran 


IC 


ir«/loO-ja-Qimemyi*o-nyaroAy*i/7-ja,o, / ,o,y-pciudnyuro-i-OAopyraiio[*t,j- 
b][l]ben20pyran 


ID 


J - Da-Qimemy i-o-iormyioxy- 1/7- ja,o, / ,o,i^-penianyaro- 1 -oxopyranoLn, j - 
b][llben2opyran 


IE 


trans^j -r>a-Qimetnyi-o-iormyioxy- iri- ja,o, /,o,y-peniany aro- 1 -oxopyrano[4,j - 
b][l]benzopyran 


2A 


j-^j-pynayi^-lri-ja,o, / ,o,y-penianyaro-i-oxopyrano[**,j-DjLi juenzopyran 


2B 


cis-3 -(3 -py ridy l)-5 a-methy 1-6-hy droxy- IH- 5a,6 ,7,8 ,9-pen tahy dro- 1 -oxopy rano [4,3 - 
D J [ 1 J oenzopyran 


2C 


/rflW5-3-(3-pyridyl)-5a-methyl-6-hydroxy-l/f"5a,6,7,8,9-pentahydro-l- 
oxopyrano[*f, J -D J [ 1 J oenzopyran 


2D 


cw-3-(3-pyridyl)-5a-methyI-6-formyIoxy-li/-5a,6,7,8,9-pentahydro-l- 
oxopyrano[4, J -o J i_ 1 J oenzopyran 


2£ 


trdW^" J J "pyriQyi ^-->a-memyl-o-IOl^lly^oxy-l^2"J£^Q, / ,o,>-pcnianyaro-i- 
oxopyrano[4,3-b]Il]ben2opyran 


3A 


3-(3 ,4-dimethoxyphenyl)- l//-5a,6,7,8,9-pentahy dro- 1 -oxopyrano[4,3- 
b][l]benzopyran 


3B 


cij.3-(3^4-(iimethoxyphenyl)-5a-methyl-6-hydroxy-l/f-5a,6,7,8,9-pentahydro-l- 
oxopy rano [4,3 -b] [ 1 jbenzopy ran 




rnxw-3-(3,4-dimethoxyphenyl)-5a-methyl-6-hydroxy-l/f-5a,6,7,8,9-pentahydro-l- 
oxopyrano[4,3-b][l]benzopyran 


3D 


cw-3-(3,4-Dimethoxyphenyl)-6-formyloxy-5a-methyl-lH-5a,6,7,8,9-pentahydro-l- 
oxopyrano[4,3-b][l]benzopyran 


3E 


-/raw5.3-(3,4-Dimethoxyphenyl)-6-fonnyloxy-5a-methyl-lH-5a,6,7,8,9-pentahydro- 
1 -oxopy rano [4,3 -b] [ 1 ]benzopy ran 


4A 


cyclohexenecarboxaldehyde 


4B 


3 -hy droxy-2-methy 1- 1 -cy clohexen- 1 -carboxaldehy de 
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4C 


3-fonny loxy-2-methy 1- 1 -cy clohexen- 1 -carboxaldehy de 


SA 


4-hydroxy-6-methyl-2-pyrone 


SB 


4-hydroxy-6-(3-pyridyl)-2-pyrone 


5C 


4-hydroxy-6-(3,4-dimethoxyphenyl)-2-pyrone 


6 


3-5a-dimethyl-6K)xo-lif-5a,6J,8,9-pentahydro-l-oxopyrano[4,3-b][l]be 


7 


2-methy Icy clohexan- 1 -one 


8 


2-methyl-2-cy clohexen- 1 -one 


9 


1,3-dithiane 


10 


l.[2-(l,3-dithianyl)l-2-methyl-2-cyclohexen-l-ol 


11 


3-[2-(l,3-dithianyI)]-2-methyl-2-cyclohexen-l-ol 


12A 


ethyl nicotinate 


12B 


ethyl 3,4-dimethoxybenzoate 


11 A 


Athvl S-^'^l-nvridvIVS 5-dioxoDentanoate 


1 m 

IJD 


mptKvl S-/"? 4-HimethoxvDhenvn-3 5-dioxoDentanoate 


14 A 


'I mafKv!.! 6 7 8 Q-nentahvdro-l-oxoDvranor4 3-blauinoline 


1 ATI 
14 Jo 


/<ic 1 /4imAfli\7l-/^-fnrmvlf»xv-lf/-5a_6 7 8 9-Dentahvdro-l-oxoDvrano 
[4,3-b]quinoline 


14C 


c/s-3-5a-dimethyl-6-formyloxy-l^f-5a,6,7,8,9-pentahydro-l-oxopyrano 
[4.3-b]benzothiin 


18 


4-bromo-6-methyl-2-pyrone 


19 


4-azido-6-niethyl-2-pyrone 


20 


4-amino-6-methyl-2-pyrone 


21 


4-mercapto-6-methyl-2-pyrone 


22 


tri(deacetyl)pyripyropene A 


23 


20(S)-camptothecin (CPT) 


24 


liy-6,7,8,9-tetrahy dro- 1 -oxopy rano[4,3 -b]quinoline 


26 


lH-7,8,9,10-tetrahydro-l-oxopyranot4,3-c]isoquinoline 


27 


(S)-(-)-perillaldehyde 


28 


(5 aS, 7S)-7-Isopropeny 1-3 -methyl- 1 H-5a,6,7,8,9-pentahy dro- 1 -oxopyrano [4,3-b] [ 1 ] 
benzopyran 
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29 


(5aS, 7S)-7-IsopropenylO-(3-pyridyl)-lH-5a,6,7,8,9-pentahydro-l-oxopyrano [4,3- 
b][l] benzopyran 


30 


(5aS, 7S)-7-Isopropenyl-3-(3,4-diniethoxyphenyl)-lH-5a,6,7,8,9-pentahydro-l- 
oxopyrano [4,3-b][l] benzopyran 


31 


3-(Medioxycarbonylmethyl)-lH-5a,6,7,8,9-pentahydro-l-oxopyrano[4,3-b][l] 
benzopyran 


32 


3-(Carboxymethyl)-lH-5a,6,7,8,9-pentahydro-l-oxopyrano [4,3-b][l] benzopyran 


33 


l,8-Di-{3-[lH-5a,6,7,8,9-pentahydro-l-oxopyrano [4,3-b][l] benzopyranyl]}-2,7. 
octanedione 


34 


(5aS, 7S)-7-[2-(l-hydroxypropyl)]-3-methyl-lH-5a,6,7,8.9-pentahydro-l-oxopyrano 
[4,3-bl[l] benzopyran 


35 


fSaS, 7S)-7-[l-(Forniyl)ethyl]-3-niethyl-lH-5a,6,7,8.9-pentahydro-l-oxopyrano 
[4,3-bl[l] benzopyran 


36 


fSaS 7SV7-r2-(l-Hydroxypropyl)]-10-hydroxy-3-(3,4-dimethoxyphenyl)-lH- 
5a,6,7,8,9,9a.l0-heptahydro-l-oxopyrano [4,3-b][l] benzopyran 


37 


(5aS, 7S)-7-[2-(l-PentanoyloxypropyI)]-10-hydroxy-3-(3,4-dimethoxyphenyl)-lH- 
5a,6,7,8,9,9a,10-heptahydro-l-oxopyrano [4,3-b][ll benzopyran 


38A 


(5aS*, 9aS*, 10S*)-9a,10-Epoxy-3-(3-pynayl)-iH-Da,o,/,6,y,ya,iu-neptanya^ 
oxopyrano [4,3-b][l] benzopyran 


38B 


(5aS*, 9aR*, 10R*)-9a,10-Dihyaroxy-3-(3-pynayl)-lHoa,o,/,o,y^^ 
heptahydro-l -oxopyrano [4,3-b][ll benzopyran 


39 


(R)-(-)-carvone 


40 


cis-l-iodo-3-(methanesulfonyloxy)-l-propene 


41 


(5R,6S)-2,6-Dimethyl-6-(cis-3-iodo-2-propenyl)-5-isopropenyl-2-cyclohexen-l-one 


42 


(4aS,5R,8aS)-Methyl-(lH)-l-Oxo-4,4a,5,8,8a-pentahydro-2,5,8a- 
trimethylnaphthalene-5-acetate 


43 


(4aS,5R,8aS)-{lH)-l-Oxo-4,4a,5.8,8a-pentahydro-2,5,8a-trimethyInaphthalene-5- 
acetic acid 


44 


(lS,4aS,8aS)-(lH)-l-[2-(l,3-dithianyl)l-l-hydroxy-4,4a,5,8,8a-pentahydro-2,5,8a- 
trimethylnaphthalene-5-acetic acid 


45 


(4aS,5R,8aS)-(lH)-l-carboxaldehyde-3-formyloxy-4,4a,5,8,8a-pentahydro-2,5,8a- 
trimethylnaphthalene-5-acetic acid 


46 


(4R,4aS,6aS,12bS)-lH,llH.4,4a,5,6,6a,12b-Hexahydro-6-formyloxy.ll.oxo-9-(3- 
pyridyl)-4,6a,12b-trimethylnaphtho[2,l-b]pyrano[3,4-e]pyran-4-acetic acid 


47 


(4aS,5S,8aS)-Methyl-(lH)-l-Oxo-4,4a,5,8,8a-pentahydro-2,5,8a- 
trimethylnaphthalene-5-acetate 
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Preferred compounds of this invention are shown in below in Scheme 1 and 
include compounds selected from the group consisting of: 3-(3-pyridyl)-liy-5a,6,7,8,9- 
pentahydro-l-oxopyrano[4,3-b]benzopyran (2A]; 3-(3,4-dimethoxyphenyl)-lJy-5a,6,7,8,9- 
pentahydro-l-oxopyrano[4,3-b]ben2opyran [3A1; cis- and /ra/i^-3-(3,4-dimethoxyphenyl)- 
5a-methyl-6-fonnyloxy-lif-5a,6,7,8,9-pentahydro-l-oxopyrano[4,3-b]benzopyran (3D and 
3E]; cis- and /ram-3-(3-pyridyl)-5a-methyl-6-formyloxy-l/f-5a,6,7,8,9-pentahydro-l- 
oxopyrano[4,3-blbenzopyran (2D and IE); cis- and /ranj-3-(3,4-dimethoxyphenyl)-5a- 
methyl-6-hydroxy-ljF3r-5a,6,7,8,9-pentahydro-l-oxopyrano[4,3-b]ben2opyran [3B and 3C]; 
3-methyl-lJ^-5a,6,7,8,9-pentahydro-l-oxopyrano[4,3-b]benzopyran (lA]; cis- and tram-3- 
5a-dimethyl-6-formyloxy-l/f-5a,6,7,8,9-pentahydro-l -oxopyrano[4,3-b]benzopyran (ID and 
IE]; and cis- and /ra/w-3-(3-pyridyl)-5a-methyl-6-hydroxy-l/f-5a,6,7,8,9-pentahydro-l- 
oxopyrano[4,3-b]benzopyran (2B and 2C]. 

A more preferred class of compounds of this invention includes compounds 
selected from the group consisting of 3-(3-pyridyl)-l/^-5a,6,7,8,9-pentahydro-l- 
oxopyrano[4,3-b]ben2X)pyran (2A]; 3-(3,4-dimethoxyphenyl)-li/-5a,6,7,8,9-pentahydro-l- 
oxopyrano(4,3-b]ben2opyran (3A]; cis- and /raw-3-(3,4-dimethoxyphenyl)-5a-methyl-6- 
formyloxy-l/f-5a,6,7,8,9-pentahydro-l-oxopyrano[4,3-b]benzopyran [3D and 3E1; cis- and 
/raws-3-(3-pyridyl)-5a-methyl-6-formyloxy-liJ-5a,67,8,9-pentahydro-l-oxopyrano[43 
b]benzopyran [2D and 2E]; cis- and rra/i^-3-(3,4-dimethoxyphenyl)-5a-methyl-6-hydroxy- 
lff-5a,6,7,8,9-pentahydro-l-oxopyrano[4,3-b]benzopyran (3B and 3C]; and cis- and tram- 
3-(3,4-dimethoxyphenyl)-5a-methyU6-hydroxy-lJy-5a,6,7,8,9-pentahydro-l-oxopyra^^ 
b]benzopyran (3B and 30); l/f-6,7,8,9-tetrahydro-l-oxopyrano[4,3-b]quinoline [24]; IH- 
7,8,9, 10-tetrahydro-l-oxopyrano[4.3-c]isoquinoline [26]; (5aS*, 9aR*, 10R*)-9a,10- 
Dihydroxy-3-(3-pyridyl)-lH-5a,6,7,8,9,9a,10-heptahydro-l-oxopyrano [4,3.b][l] 
benzopyran [38B]; (5aS, 7S)-7-[2-(l-Pentanoyloxypropyl)]-10-hydroxy-3-(3,4- 
dimethoxyphenyl)-lH.5a.6,7,8.9,9a,10-heptahydro-l-oxopyrano [4,3-b][l] benzopyran [37]; 
(5aS, 7S)-7-Isopropenyl-3-(3,4-dimetiioxyphenyl)-lH-5a,6,7,8,9-pentahydro-l-oxopyrano 
[4,3-b][l] benzopyran [30]; (5aS, 7S)-7-Isopropenyl-3-(3-pyridyl)-lH-5a,6,7,8,9- 
pentahydro-l-oxopyrano [4,3-b][l] benzopyran [29]; (5aS, 7S)-7-Isopropenyl-3-methyl-lH- 
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5a,6,7,8,9-pentahydro-l-oxopyrano [4,3-b][l] benzopyran [28]; and 3-(Carboxyinethyl)-lH- 
5a,6,7,8,9-pentahydro-l-oxopyrano [4.3-b][l] benzopyran [32]. 

A most preferred class of compounds of this invention includes compounds 
selected from the group consisting of 3-(3-pyridyl)-lif-5a,6,7,8,9.pentahydro-l- 
oxopyrano[4,3-b]ben2opyran [2A]; 3-(3,4-dimethoxyphenyl)-l/f-5a,6,7,8,9-pentahydro-l- 
oxopyrano[4,3-b]benzopyran [SA]; cw- and /n3r/f5-3-(3.4-dimethoxyphenyl)-5a-methyl-6- 
formyloxy-ljy-5a,6,7,8,9-pentahydro-l-oxopyrano[4,3-b]benzopyran [3D and 3E]; and cis- 
and rraw-3-(3,4-dimethoxyphenyl)-5a-methyl-6-hydroxy-lif-5a,6,7,8,9-pentahydro-l- 
oxopyrano[4,3-b]benzopyran [3B and 3C]; and l,8-Di-{3.[lH-5a,6,7,8,9-pentahydro-l- 
oxopyrano [4,3-b][l] benzopyranyI]}-2,7-octanedione [33]. 

This invention also provides methods as illustrated in Schemes 1, 2, 6, 7, 8 and 9 
below for making the above compounds via condensation reactions between an aldehyde 
of a cyclohexene having and substituents as defined above, and an ortho-oxy- 
substituted heterocyclic ring having as a para-substituent a reactive group capable of 
reacting with the p carbon of the enal function (carbon containing R^) to form the tricyclic 
product. These anticancer drugs are easy to prepare in large quantities using few steps. 

The method comprises contacting: 
(a) a compound of the formula: 




A. 



z 



wherein X is as defined for Formula I; 

wherein R^ is defined as R^ as set forth in Formula I above; and 

Z is a reactive group comprising Y (as defined in Formula I above, i.e. O, S or N); 



25 
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with 

(b) a compound having an aldehyde substituent of the formula: 

CHO 



r' 

wherein: 

10 and are as defined above for Formula I, R^ is defined as R^ for Formula I above, 

and R"* and R^ are as defined above for Formula I; and T and Z are independently CH, N, 
S or O 

under reaction conditions whereby a condensation reaction takes place between said 
15 compounds of paragraphs (a) and (b) whereby reactive groups R^ and Z react with said 
substituted ene aldehyde to form a compound as defined in the Formula I above. 

Compounds of Formula I and Formula 1 where X^Y may be made by means 
known to the art by methods analogous to those disclosed herein. Further, compoimds of 
20 Formula I and Formula 1 where T 9^ CH, Z ;t CH, R"* H, or R^ =?i H may be made by 
means known to the art by methods analogous to those disclosed herein. 

More preferably, the method comprises making a compound of Formula 1 
comprising contacting: 



(a) a compoimd of the formula: 



30 



O^H 
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wherein and are as defined for Formula 1 above, with 
(b) a compound of the formula: 




wherein: 

R^ is defined as R^ as set forth for Formula 1 above. 

Methods are also provided for making compounds of Formula IV above comprising 
reacting (a) compounds of the formula: 

,1 




NH2 

wherein R^ is defined as R^ as set forth above for Formula I; 



with 



(b) compounds of the formula: 

CHO 




D. 



wherein R^ and R^ are as defined above for Formula I 
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Methods are provided for making compounds of Formula VI above comprising 
reacting (a) compounds of the formula: 

CHO 




E. 



wherein: 

R^^ and R^^ are independently defined as R^ as set forth for Formula I above; 
R^^ is CH2R, wherein R is as defined as R^ as set forth for Formula I above; 

with 

(b) compounds of the formula: 




F. 



wherein R^ is defined as R^ as set forth for Formula I above. 

Methods are also provided for making a compound of Formula E above comprising 
reacting: 

(a) a compound of the formula: 




G. 



wherein R^ is defined as R^ as set forth for Formula I above; 
with 
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(b) a compound of the formula: 



X 




OMs 



H. 



wherein X is I, Br, or CI, and Ms is methanesulfonyl. 

A method is also provided for inhibiting an enzyme selected from the group 
consisting of acetylcholinesterase and cholesterol acyltransferase in a patient comprising 
administering to the patient an effective amount of a compound of this invention. An 
effective amount is an amount capable of effecting measurable inhibition, preferably an 
amount enable of effecting inhibition equivalent or greater than that of known AChE 
inhibitor Tacrine or known ACAT inhibitor CP-1 13,818 (see Examples hereof). As is 
known to the art, dosage can be adjusted depending on the bioactivity of the particular 
compound chosen. The compound may be administered in combination with a suitable 
pharmaceutical carrier such as DMSO, ethyl alcohol, or other carriers known to the art. 

Patients include humans, large mammals, livestock animals, pets, and laboratory 
animals. 

A method is also provided for inhibiting macromolecule (e.g., DNA, RNA and 
protein) synthesis and growth of cancer cells in a patient comprising administering to the 
patient an effective amount of a compound of this invention. Suitable pharmaceutical 
carriers may be used for administration of the compound. An effective amount to inhibit 
macromolecule synthesis or cell growth is an amount sufficient to inhibit macromolecule 
production or cell growth at least as well as 20(S)-camptothecin (CPT) as measured in 
standard assays as described in the Examples hereof 

A method is also provided for inhibiting tubulin polymerization in a patient 
comprising administering to the patient an effective amount of a compound of this 
invention. Suitable pharmaceutical carriers may be used for administration of the 
compound. An effective amount is an amount enable of effecting measurable inhibition. 
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preferably an amount capable of effecting inhibition equivalent to known tubulin 
polymerization inhibitor colchicine. 

Methods are also provided herein for prevention of tubulin polymerization, tumor 
development, inhibiting the rate of tumor growth, and inducing regression of pre-existing _ 
tumors comprising administering to a patient an effective amount of a compound of this 
invention. An effective dosage for each purpose may be readily calculated by those of 
skill in the art based on effective dosages for inhibition of macromolecule synthesis, 
optimized and adjusted as required for individual patients. 

Interestingly, Tau, which is a major component of the abnormal intracellular 
tangles of filaments found in the brain of Alzheimer patients, is a non-energy transducing 
microtubule-associated protein. If tricyclic pyrones bind to tubulin and disrupt 
microtubule dynamics, thqr should also decrease or prevent the interactions of Tau and 
other microtubule-associated proteins with microtubules that are involved in Alzheimer's 
disease. 

The mechanism of action by which the compounds inhibit cancer cells is unknown; 
however, a possible mechanism is that the compounds bind selectively and strongly with 
one of the oxidative enzymes which undergoes oxidation at the C3-C4 double bond to 
form the corresponding C3-C4 epoxide and this epoxide then subsequently tmdergoes a 
ring opening reaction with a nucleophile of DNA, RNA, or enzymes in the cancer cell. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates a comparison of the effects of four new tricyclic pyrone 
derivatives and CPT on DNA synthesis in L1210 cells in vitro. About 2.53 x 10^ cells 
suspended in 0.5 ml of RPMI 1640 medium were incubated at 3TC for 90 minutes in the 
presence or absence (control) of the indicated concentrations of drugs. The cells were 
then pulse-labeled for an additional 30 minutes to determine the rate of ^H-thymidine 
incorporation into DNA. DNA synthesis in vehicle-treated control cells was 43,956 ± 
4,569 cpm (100 ± 11%). The blank value (1,241 db 99 cpm) for cells pulse-labeled for 0 
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minutes with 1 \xCi of ^H-thymidine has been subtracted from the results. Bars: means ± 
SD (n=3). 

*P<0.1, significantly smaller than control; ^not significantly different from control; *^not 
different from CPT (20 pM). 

Fig. 2 shows a comparison of the effects of 10 new tricyclic pyrone derivatives and 
CPT on DNA synthesis in L1210 cells in vitro. The protocol of the experiment was 
identical to that of Fig. 1, except that the cell density was 2.64 x 10^ cells/O.S ml. DNA 
synthesis in vehicle-treated control cells was 60,998 ± 4,636 cpm (100 ± 8%). The blank 
value (1,297 ± 182 cpm) for ceils pulse-labeled for 0 minutes with 1 nCi of ^H-thymidine 
has been subtracted from the results. Bars: means ± SD (n = 3). ^P<0.025, significantly 
smaller than 3B & 3C; ^not significantly different from control; ^not different from CPT 
(20 nM); ^P<0.025, smaller than 2B & 2C; ®not different from lA; ^P<0.025, smaller than 
ID & IE; ^P<0.025, smaller than control. 

Fig. 3 illustrates the concentration-dependent inhibition of DNA synthesis by the 
new tricyclic pyrone analog 3A (•) and CPT (o) in L1210 cells in vitro. The protocol of 
the experiment was identical to that of Fig. 1, except that the cell density was 2.07 x 10^ 
cells/0.5 ml. DNA synthesis in vehicle-treated control cells was 29,813 ± 1,282 cpm (100 
± 4%; striped area). The blank value (954 db 238 cpm) for cells pulse-labeled for 0 
minutes with 1 ^Ci of ^H-thymidine has been subtracted from the results. The 
concentrations of drugs are plotted on a logarithmic scale. Bars: means ± SD (n=3). 
*P<0.005, significantly smaller than control; ^not significantly different from control. 

Fig. 4 shows the concentration-dependent inhibition of DNA synthesis by the new 
tricyclic pyrone analog 2A (•) in L1210 cells in vitro. The protocol of the experiment 
was identical to that of Fig. 1, except that the cell density was 2.83 x 10^ cells/0.5 ml. 
DNA synthesis in vehicle-treated control cells was 94,547 ± 7,564 cpm (100 ± 8%; striped 
area). The blank value (1,580 ± 92 cpm) for cells pulse-labeled for 0 minutes with 1 ^iCi 
of ^H-thymidine has been subtracted from the results. The concentrations of drugs are 
plotted on a logarithmic scale. Bars: means ± SD (n=3). ^P<0.025, significantly smaller 
Aan control. 
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Fig. 5 shows a comparison of the effects of six new tricyclic pyrone analogs and 
CPT on the growth of L1210 cells in vitro. Cells were plated at an initial density of 1 x 
10"* cells/0.5 ml/well in RPMI 1640 medium, containing 7.5% fortified bovine calf serum, 
and grown at 3TC for 4 days in a humidified incubator in 5% CO2 in air. Cells were 
incubated in the presence or absence control) of 50 \iM 3 A (■), 2D & 2E (□), 3D & , 
3E (a), 2B & 2C (a) 2A (♦), 3B & 3C (0), or 10 jiM CPT (o) and their density was 
monitored in triplicate every 24 h using a Coulter counter. Cells numbers are plotted on a 
logarithmic scale. 

In Fig. 6, the abilities of the drugs tested in Fig. 5 to inhibit the growth of L1210 
cells in vitro are compared at days 3 (open) and 4 (striped). The results are expressed as 
% of the numbers of vehicle-treated control cells after 3 (396,200 ± 38,431 cells/ml; 100 ± 
10%; open) and 4 days in culture (991,907 ± 129,245 cells/ml; 100 ± 13% striped). Bars: 
means ± SD (n=3). ^P<0.05, significantly smaller than control; ^not significantly different 
from control; *^not different from control or 2D & 2E, 

Fig. 7 shows the concentration-dependent inhibition of the growth of L1210 cells in 
vitro by the new tricyclic pyrone analogs 3A and 3D & 3E. The protocol of the 
experiment was identical to tfiat of Fig. 5. Cells were incubated in the presence or 
absence (•, control) of 3.12 ^M 3A (■). 3D & 3E (□) and CPT (O), 12.5 iiM 3A (a) and 
3D & 3E (a), or 50 nM 3A (♦) and 3D & 3E (0), and their density was monitored in 
triplicate every 24 hours. Cell numbers are plotted on a logarithmic scale. 

In Fig. 8 the abilities of the concentrations of 3A tested in Fig. 7 to inhibit the 
growth of L1210 cells in vitro are compared at days 1 (□), 2 (■), 3 (O) and 4 (•). The 
results are expressed as % of the numbers of vehicle-treated control cells after 1 (15,387 ± 
1.723 cells/ml), 2 (54,880 ± 6,256 cells/ml), 3 (458,280 ± 52,244 cells/ml), and 4 
(1,185,000 ± 125,610 cells/ml) days in culture (100 i 11%; striped area). The 
concentrations of 3A are plotted on a logarithmic scale. Bars: means ± SD (n=3). *Not 
significantly different from control; ^<0.025 and ^P<0.05, significantly smaller than 
control. 
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In Fig. 9, the abilities of the concentrations of 3D & 3E tested in Fig. 7 to inhibit 
the growth of L1210 cells in vitro are compared at days 1 (□), 2 (■), 3 (O) and 4 (•). The 
determination of the results was identical to that of Fig. 8. The concentrations of 3D & 
3E are plotted on a logarithmic scale. Bars: means ± SD (n=3), ^Not significantly 
different from control; ^<0.05, significantly smaller than control. 

Fig. 10 shows the concentration-dependent inhibition of the growth of L1210 cells 
in vitro by the new tricyclic pyrone analog 2A. The protocol of the experiment was 
identical to that of Fig. 5. Cells were incubated in the presence or absence control) of 
1.56 (■), 3.12 (□), 6.25 (a), 12.5 (a), 25 (♦) and 50 2A (0) or 1.56 [iM CPT (O), and 
their density was monitored in triplicate every 24 hours. Cell numbers are plotted on a 
logarithmic scale. 

In Fig. 11, the abilities of the concentrations of 2A tested in Fig. 10 to inhibit the 
growth of L1210 cells in vitro are compared at days 1 (□), 2 (■), 3 (O) and 4 (•). The 
results are expressed as % of the numbers of vehicle-treated control cells after 1 (46,480 
± 4,462 ceUs/ml), 2 (135,880 ± 13,004 cells/ml), 3 (495,440 ± 51,823 cells/ml), and 4 
(1,009,520 ± 103,476 cells/ml) days in culture (100 ±10%; striped area). The 
concentrations of 2A are plotted on a logarithmic scale. Bars: means ± SD (n=3). *Not 
significantly different fi-om control; ^ P< 0.025 and ^ P< 0.005, significantly smaller than 
control. 

Fig. 12 shows the concentration-dependent inhibition of the growth of L1210 cells 
in vitro by the new tricyclic pyrone analog 2A. The protocol of the experiment was 
identical to that of Fig. 5. CeUs were incubated in the presence or absence (•, control) of 
0.19 (■), 0.39 (□), 0.78 (A), 1.56 (a) 3.12 (♦), 6.25 (0) and 12.5 /xM 2A (▼) or 0.78 
CPT (o), and their density was monitored in triplicate every 24 hours. Cell numbers are 
plotted on a logarithmic scale. 

In Fig. 13, the abilities of the concentrations of 2A tested in Fig. 12 to inhibit the 
growth of L1210 ceDs in vitro are compared at days 1 (□), 2 (■), 3 (O) and 4 (•). The 
results are expressed as % of the numbers of vehicle-treated control cells after 1 (50,560 
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± 2,730 ceUs/ml), 2 (198,987 ± 9,452 cells/ml), 3 (862,707 ± 39,253 cells/ml) and 4 
(1,655,240 ± 86,900 cells/ml) days in culture (100 ± 5%; striped area). The 
concentrations of 2A are plotted on a logarithmic scale. Bars: means ± SD (n=3). ^Not 
significantly different from control; *'P<0.05 and *^P< 0,005, significantly smaller than 
control. 

Fig. 14 shows the ability of the new tricyclic pyrone analog 2A to completely 
inhibit polymerization of pure tubulin in a cell-free system in vitro. In a final volume of 
200 fil, a solution of 2.5 mg/ml tubulin protein from bovine brain, 80 mM PIPES buffer, 
pH 6.8, 1 mM MgCl2, 1 mM EGTA, 1 mM GTP, and 10% glycerol was incubated at 
35*'C for 20 minutes in the presence or absence (control) of 25 ^M of compound 2A. 
The absorbance of the solution at OD34Q ^ was measured to determine the rate of tubulin 
polymerization. 

DETAILED DESCRIPTipN OF THE PREFERRED EMBODIMENTS 
Tricyclic pyrones of this invention were tested for their ability to prevent L1210 
leukemic cells from synthesizing macromolecules and growing in vitro. The term 
macromolecules, as used herein, refers to DNA, RNA and proteins. The compounds 
tested are listed with structures) in Table 2. 
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TABLE 2 

Compounds Tested for Antitumor Activity 




23 



Compound 23, 20(S)-camptothecin (CPT), a known anticancer drug which inhibits 
5 topoisomerase I activity and exhibits a broad spectrum of antitumor activity, was also 
tested for purposes of comparison, as was compound 22, tri(deacetyl)pyripyropene A 
(Tomoda, H., et al. (1994), "Relative and Absolute Stereochemistry of Pyripyropene A, A 
Potent, Bioavailable Inhibitor of Acyl-CoA: Cholesterol Acyltransferase (ACAT)," J. Am. 
Chem. Soc. 116:12097-12098), Obata, R. et al. (1996), "Chemical modification and 
10 structure-activity relationships of pyripyropenes. L Modification at die four hydroxyl 

group," J. Antibiotics 49:1133-1148, a tetracyclic pyrone, and compound 5B (4-hydroxy- 
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6-(3-pyridyl)-2-pyrone), a monocyclic pyrone. The most preferred compounds of this 
invention were more effective than compounds 22 and SB in inhibiting DNA synthesis and 
tumor cell growth, and were somewhat less effective than CPT at the concentrations 
tested. 

This invention also provides a new chemical reaction as shown in Scheme 1 
involving the condensation of pyrones with cyclohexenecarboxaldehydes to synthesize the 
cancer-active tricyclic pyranes of this invention. For example, equivalent molar amounts 
of the aldehyde and pyrone in solution, e.g., in ethyl acetate and 0.5 equivalents of L- 
proline, are stirred together under argon for three days, increasing the temperature from 
about 25^C the first day to about 60°C the last day, followed by dilution, washing, drying 
and concentrating. 

More specifically, a simple synthesis of tricyclic pyrones with the general structure 
as depicted in Formula 1 (Scheme 1) is provided using a coupling reaction of 1- 
cyclohexenecarboxaldehydes (4) and 6-substituted 4-hydroxy-2-pyrones (5)- For example, 
treatment of 1-cyclohexenecarboxalddiyde (4A) with one equivalent of 4-hydroxy-6- 
methyl-2-pyrone (5A) and 0.5 equivalent of L-proline in ethyl acetate at VO^'C under argon 
for 12 hours provided an 80% yield (based on reacted pyrone 5A) of lA (Scheme 2). The 
structure of lA was determined by and NMR, mass spectrometry, IR, elemental 
analysis, and single-crystal X-ray analysis. 
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Scheme 1 




1A: R^-Me; R*-R -H 
IB; R'-R^-Me; r'- --OHC/J-OH) 
1C: R^-R*-Me; R^- ^'OH(a-OH) 
ID: R^-R*-Me; r'- — OCHO 
...iiOCHO 



IE: R^-R*-Me; R 



2A: R 




N 



{3-pyridyl); R*-r'-H 




4A: H*-R^-H 

48: R*-Me; r'-OH 

4C: R*-Me; r'-OCHO 




5. 

5A: r'-CH3 
58: 



OCH 
OCH 



3 



3 



28: R^-O-pyrldyl): R^-Me; R^- —OH 

20: R'-(3-pyrWyl); R -Me; R - OH 

2D: R^-(3-pyrldyl); R*-Me; R^- — OCHO 
2E: R^-(3-pyrldyl); R*-Me; r'- ••"•OCHO 



3A: R 



0CH3 



OCHa 



(3,4-dim8thoxyphenyl); R*-r'-H 



38: R'-(3,4-dlmethoxyphenyl); R*-Me; R *0H 
30: R^-(3,4-dlmethoxyphenyl); R^-Me; R - ""OH 
3D: R^-(3.4-dlmethoxyphenyl); R*-Me; R -—OCHO 
3E: R^-(3,4-dim9thoxyph6nyl); R^-Me; R*- ""OCHO 



Similarly, Pyrone 5A also condensed Avith carboxaldehydes 4B and 4C separately 
in the presence of 0.5 equivalent of L-prbline or catalytic amount of piperidine and acetic 
5 acid in ethyl acetate at 60-80°C to give a 72% yield of a mixture of IB and IC (in a ratio 
of 1.6:1; determined by NMR spectrum) and a 62% yield of a mixture of ID and IE 
Cin a ratio of 3:1), respectively (Scheme 2). Compounds IB and IC were not separated; 
however, oxidation of this mixture with l,l,l-triacetoxy-l,l-dihydro-l,2-benziodoxol- 
3(lH)-one^ in CHjClj at room temperature gave the corresponding C-6 ketone 6. 
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Reduction of ketone 6 with diisobutylaluminum hydride in THF provided pure ci5-alcohol 
IB. Pyranoboizopyrans ID and IE were separated by column chromatography and the 
structure of the c«-isomer, ID, was unequivocally determuied by a single-crystal X-ray 
analysis. Basic hydrolysis of pure ID with K2CO3 in MeOH at room temperature gave 
pure alcohol IB (Scheme 3). 




4B: R^CHa; r'-OH 1 B & 1 C: R^-CHa; R*-OH 

4C: R*-CH3; r'-OCHO (72% yield) 

1D & IE: R^'-CHa; R^-OCHO 

(62% yield) 




Scheme 4 
O 

& 



1. NBS; 

2. U2CO3 
LiBr. DMF 

(72% yield) 




0 



THF 



LxL^°" 1% H2SO4 



p-dioxang 
(58% yield) 



10 (96% yield) 



NCS. AgNOa 
(50% yield) 





1. HCOaH 




THF, p-TsOH (cat) ] 




r.t (70% yield) ^ 




2. NCS, AgNOa L^JL 
CHgCN-HaO, 0 C 


4B 


(59% yield) 4C 



5 



Aldehydes 4B and 4C were synthesized by a modification of the procedure 
reported by Corey and Erickson (Corey, EJ. and Erickson, B.W. (1971) "Oxidative 
hydrolysis of 1,3-dithiane derivatives to carbonyl compounds using N-halosucdmide 
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reagent," J. Org, Chem, 36(3):553-560) which is depicted in Scheme 4. Bromination of 2- 
methylcyclohexanone (7) with 1 equivalent of N-bromosuccinimide (Rinne, W.W, et al., 
"New methods of preparation of 2-methylcyclohexen-l-one," J. Am. Chem. Soc. (1950) 
72:5759-5760) in refluxing CCI4 for 12 hours gave quantitative yield of 2-bromo-2- 
methylcyclohexanone. Dehydrobromination of this bromide with three equivalents of 
Li2C03 and three equivalents of LiBr in A^iV-dimethylformamide (DMF) (Stotter, P.L. 
and Hill, K.A., "a Halocarbonyl Compounds. H. A Position-Specific Preparation of a- 
Bromo Ketones by Bromination of Lithium Enolates. A Position-Specific Introduction of 
a, P-Unsaturation into Unsymmetrical Ketones," J. Org. Chem. (1973) 38:2576-2578) at 
130**C for 3 h provided a 72% yield of 2-methyl-2-cyclohexen-l-one (8), A 1,2-addition 
reaction of 8 with 1.5 equivalents of lithiated 1,3-dithiane [generated from 1,3-dithiane (9) 
with n-BuLi in THF] in THF at -lO^'C to give a 96% yield of the 1,2-adduct 10. 
Rearrangement of 10 with 1% sulfuric acid in p-dioxane (52% yield) followed by removal 
of the dithiane protecting group of the resulting alcohol, 11, with N-chlorosuccinimide 
(NCS) and silver nitrate in acetonitrile- water gave aldehyde 4B (50% yield). Alcohol 4B 
is not a stable compound and decomposes upon standing at room temperature in a few 
days. A more stable material, 4C, was synthesized in a better yield from the 
rearrangement reaction of 10 in formic acid-THF in the presence of catalytic amount of p- 
toluenesulfonic acid (70% yield) followed by removal of the dithiane moiety with NCS- 
AgNOj (59% yield) (Scheme 4). In the formic acid rearrangement reaction, besides the 
desired product, l-[2-(l,3-dithianyl)]-3-formyloxy-2-methyl-l-cyclohexene, 9% yield of3- 
[2-(l,3-dithianyl)]-2-methyl-2-cyclohexen-l-ol (11) was also isolated. 

To demonstrate the generality of the newly-developed condensation reaction (i.e., 
Scheme 2), other pyrones such as 5B and 5C were also prepared and used in the 
condensation reaction. Scheme 5 outlines the preparation of 5B and 5C by following a 
small modification of the rqwrted procedure (only SB was reported)(Narasimhan, N.S. 
and Ammanamanchi, R., "Mechanism of acylation of dilithium salts of P-ketoesters: an 
efficient synthesis of anibine," J. Org. Chem (1983) 48:3945-3947), Treatment of ethyl 
acetoacetate in diethyl ether with 2.5 equivalents of lithium diisopropylamide (LDA) at 
0°C for 1 h followed by 1 equivalent of ethyl nicotinate (12A) gave an 87% yield of 
triketone 13A (Scheme 5). Cyclization of 13A at 150**C under 3 mm Hg reduced pressure 
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for 0.5 h gave an 89% yield (based on 10.9% of recovered starting triketone) of pyrone 
5B. Similarly, pyrone 5C was synthesized from ethyl 3,4-dimethoxybenzoate (12B). 
However, during the work-up procedure of coupling reaction of ethyl acetoacetate and 
12B, the corresponding carboxylic acid of 13B was isolated, which upon methylation with 
diazomethane in methylene chloride and diethyl ether afforded a 56% yield of methyl estet 
13B. Intramolecular cyclization of 13B gave a 70.5% yield (based on 60% recovery of 
starting triketone 13B) of 5C. 



Scheme 5 




12B 
2. CH2N3 

Condensation of aldehyde 4A with pyrones 5B and 5C separately in the presence 
of 0.5 equivalent of L-proline in ethyl acetate at 70**C generated pyranobenzopyrans 2A 
and 3A in 73% and 62% yield, respectively (Scheme 6). In the condensation of 
formyloxy aldehyde 4C, some of the formyloxy group was hydrolyzed to produce the 
corresponding alcohol. Hence, treatment of aildehyde 4C with pyrone 5B and 0.5 
equivalent of L-proline in etiiyl acetate at 70**C afforded 39% yield of formates 2D and 
2E (in a ratio of 2: 1) and 11 % yield of alcohols 2B and 2C (ratio of 2: 1). 
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Scheme 6 




2B: R^- -*OH 
2C: r'- ""iOH 
2D: R^- -«OCHO 
2E: R^- "HOCHO 




3B: r' —oh 

30: R^ "'"OH 

3D: R^ -*OCHO 

3E: r' OCHO 



Similarly condensation of 4C and 5C gave a 48% yield of 3D and 3E (2: 1) and a 24% 
yield of 3B and 3C (2:1), In general, these cis and trans isomers (such as 3D and 3E, 
etc,) are separable by silica gel column chromatography (see Experimental Section), 
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Condensation of alcohol 4B with pyrone SC also provides a mixture of 2: 1 ratio of the cis 
and trans adducts 3B and 3C. 

This condensation reaction apparently is a general reaction and therefore can be 
applied to nitrogen and sulfur analogs. Hence, general structures, 14 (Scheme 7), can be. 
synthesized from this reaction arid subsequent chemical conversion of compounds 1-3 and 
14 will provide a large number of derivatives, some of which are outlined in Scheme 7, 
such as 15 and 16. In Scheme 7, the synthesis of nitrogen analogs, 14A and 14B, and a 
sulfur analog, 14C, are demonstrated. The precursor pyrone 20 is a known compound 
(Cervera, M. et al., "R- 4-Amino-6-methyl-2H-pyran-2-one, Preparation and Reactions 
with Aromatic Aldehydes," Tetrahedron (1990) 46:7885-7892). We have akeady 
ptepaxed this compound and the reactions are depicted in Scheme 7. 

Additionally, a simple synthesis of nitrogen-containing tricyclic pyrones with 
general structure as depicted in Formulas IV and V is provided using a coupling reaction 
of 4-amino-pyrones and 1-cyclohexenecarboxaldehydes. Syntheses for the 5-nitrogen 
analogs 24 and 26 are shown in Scheme 8. It should be noted that nitrogen analog 14A 
was expected to be found from the reaction of 20 and 4A. However, 14A undergoes 
dehydrogenation under the reaction conditions to give compound 24. The synthesis of the 
5-nitrogen analogs 24 and 26 were accomplished by heating 4-aminopyrone 20 with 
aldehyde 4A in the presence of a catalytic amount of (S)-(+)-10-camphorsulfonic acid in 
toluene at 85''C to give 19% yield (based on unrecovered starting material) and 48% yield 
of the isomer 26 (Scheme 8b). The NMR spectra alone cannot determine the structures of 
24 and 26. Single crystals of 24 and 26 were obtained (separately) and their structures 
were firmly established by single-crystal X-iay analyses. 
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15 16 
R*-NH2, OH, OCOR, H r'-OH, R^-H; or 
r'-OH, H r'-H, r'-OH; or 

R'and R^-0 
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CHO 





CH3 



4A 



20 



(5)-10-camphorsulfonic acid 

ethyl acetate 

85'C 



24 



26 



A remarkable asymmetric induction was also observed for the newly-developed 
condensation reaction from a C-4 stereogenic center in tiie carboxaldehyde, such as (S)-(- 
)-perillaldehyde (2*^. Treatment of (S)-27 with pyrone 5A, SB, and 5C separately gave 
single diastereomers 28 (78% yield), 29 (65% yield), and 30 (63% yield), respectively 
(Scheme 9). The structure of 28 was firmly established by single-crystal X-ray analysis 
and the data from NMR spectra also agrees with the same stereochemical assignment: 
5aS and 7S: the C-5a proton (for example, in 28) resonates at 5 5.15 ppm as a doublet of 
a doublet with J=1L2 Hz and 5.2 Hz (axial-axial and axial-equatorial couplings), 
indicative of an axial hydrogen (at C-5a). 



Spjigmg 9 




R 



CHO L-proiine (0.5 eq) 




(S)-27 



(a single Isomer) 
28: R-Me (78% yield) 
29: R-3-pyridyl (65% yield) 
30: R-3,4^lmethoxyphenyt (63% yield) 
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To demonstrate the possibility of preparing various substituted derivatives, several 
chemical manipulations were also performed on the newly-developed tricyclic pyrones. 
Scheme 10 summarizes these manipulations. Deprotonation of lA with lithium 
diisopropylamide (LDA) in THF at -TS'^C followed by methyl chloroformate gave a 72% 
5 yield of methyl ester 31. Basic hydrolysis of 31 with KOH in THF and provided a , 
good yield of the acid 32. The lithiated anion derived from lA and LDA also reacted 
with 0.5 equivalent of dielectrophile, adipoyl chloride, to produce diketone 33 (which 
exists as the enol form). The isopropenyl group of C-7 substituted tricyclic pyrones such 
as 28 can be hydroxylated with 1 equivalent of borane-THF followed by NaOH-30% H2O2 
10 to give primary alcohols 34 (69% yield; two inseparable diastereomers at C-12). 

Oxidation of alcohols 34 with l,l,l-triacetoxy-l,l-dihydro-l,2-ben2iodoxol-3(lH)"One in 
methylene chloride gave an 87% yield of aldehydes 35. 

When a greater than 1 equivalent of borane was used, both C-11 and C-9a double 
15 bonds can be oxidized to afford a mixture of diols such as 36 (2 diastereomers at C-11). 

Hence, hydroboration of pyrone 30 with excess of borane in THF followed by NaOH-30% 
H2O2 gave diol 36 as a 1:1 mixture of two diastereomers at C-11. Acylation of 36 with 
pyridine and valeryl chloride in methylene chloride gave good yield of ester 37. C-9a 
double bond of 2A was epoxidized with 1 equiv of HCl (to protonate the pyridine 
20 nitrogen) followed by 1 equiv of w-chloroperbenzoic acid (MCPBA) to give a 1:4.1 ratio 
of 38A and 38B. 
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In addition to tricyclic pyrones, this invention provides a facile synthesis of 
tetracyclic pyrones (such as 46, Scheme 11). Treatment of (/?)-carvone (39) with lithium 
diisopropylamide (LDA) in THF at -40**C and Mel (-30**C) gave an excellent yield of the 
corresponding C-6-monomethylated product. The regiospedfic alkylation of carvone at C- 
6 is a known reaction (Gesson, J-P et a!., "A New Annulation of Carvone to Chiral Trans. 
and Cis Fused Bicyclic Ketones," Tetrahedron (1986) 27:4461-4464). Subsequently, 
alkylation of this methylated product with LDA in THF at C'C, followed by 1 equivalent 
of hexamethyl-phosphoramide (HMPA), and c/>l-ioda-3-(methanesulfonyloxy)-l-propene 
(40) at O'^C then room temperature gave a 73% yield of iodide 41 as a single diastereomer 
and 14% recovery of 6-monomethylated carvone (Scheme 11). No other stereoisomer was 
detected. Cyclization of iodide 41 with palladium acetate, triphenylphosphine, silver 
carbonate, CO, and MeOH in DMF at 32**C gave a 50% yield (isolated) of ester 42. 
Ester 42 was converted into its carboxylic acid 43 in 96% yield by the treatment with 
KOH in MeOH and water at 25**C. As far as we know, this is the shortest route for the 
synthesis of optically pure fmn^-decalinone derivatives, such as 42; in this synthesis, no 
protecting group is needed. Addition reaction of acid 43 with the lithiated anion of 9 in 
THF gave adduct 44 which can be converted into aldehyde 45. Condensation of 45 with 
pyrone 5B will give tetracyclic pyrone 46 (a new compound). 

A 23% yield of the correspnding p-isomer, compound 47, was also isolated from 
the above palladiun-cyclization reaction. The stereochemistry of these compounds, 42 and 
47, were firmly established by 2D NOESY spectroscopy and the results are depicted in 
structure 47 (Scheme 12). For example, in the 2D NOESY spectrum of the minor 
product, 47, NOE j^pears between C4a-H and C-lO-methyl; and C-II-CH2 and C-13- 
CHj. The NMR signals of C-13 and C-10 mefliyls of 42 are close to each other, hence it 
is difficult to determine their NOE. 



Wa 98/39010 



PCT/US98/04361 




5 




(minor Uomar) 



Clearly, as will be appreciated by one skilled in the art, many other cheniical 
manipulations can be carried out on the tricyclic and tetracyclic pyrones to produce 
various useful biologically active drugs. Additionally, the reactions illustrated in Schemes 
1-11 can be modified to produce similar compounds, as will be appreciated by those 
15 skilled in the art. 
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EXAMPLES 

(Compound Syntheses: 

General Methods. Nuclear magnetic resonance spectra were obtained at 400 MHz 
for and 100 MHz for ^''c in deuteriochloro-form, unless otherwise indicated. Infrared 
spectra are reported in wavenumbers (cm"^). Mass spectra were taken from a Hewlett 
Packard 5890 Series n, GC-HPLC-MS. FAB spectra were taken by using Xe beam (8 
KV) and m-nitrobenzyl alcohol as matrix. Davisil silica gel, grade 643 (200-425 mesh), 
was used for the flash colunm chromatographic separation. THF and diethyl ether were 
distilled over sodium and benzophenone before use. Methylene chloride was distilled over 
CaH^ and toluene and benzene were distilled over LiAlH^. Ethyl acetate was dried over 
CaCl2 and filtered and distilled under argon atmosphere. 

General Procedure for the Condensation of Pyrone and Enal: 

The following reaction procedures are representative of the condensation reactions 
of this invention. 

CIS' and frflm-3.Sa-Dimeth vl-6-fonnvloxv-lJy-Sa.6.7,8,9-Dentahvdro-l-oxopvranoir^ 
birn-benzopvran (IP and IE): 

A solution of 0.147g (0.88 mmol) of aldehyde 4C, 0. 11 g (0.88 mmol) of pyrone 
5A, and 0.05 g (0.4 mmol) of L-proline in 10 mL of ethyl acetate was stirred under argon 
at 25**C for 1 day, 40**C (bath temperature) for 3 days, and 60**C for 1 day. The mixture 
was diluted with 120 mL of methylene chloride, washed with 50 mL of saturated aqueous 
NaHCOj, and then with 50 mL of brine, dried (MgSO^), concentrated, and column 
chromatographed on silica gel using a gradient mixture of hexane and diethyl ether as 
eluant to give 0.1133 g (46.5% yield) of ID and 0.0378g (15.5% yield) of IE. 
Compound ID: mp 138-140**C. IR (Nujol) v 2980, 1720, 1690, 1630, 1550, 1110; ^H 
NMR 6 8.14 (d, 7 ^ 1 Hz, 1 H, CHO), 6.18 (d, J = 2.2 Hz, 1 H, CIO H), 5.73 (s, 1 
H, C4 H), 5,31 (dd, / = 11.6 Hz, 4,4 Hz, 1 H, C6 H, axial H), 2.39-2,33 (m, 1 H), 
2.29 -2.23 (m, 1 H), 2.19 (d, J = 0.44 Hz, 3 H, Me), 2.12-2.05 (m, IH), 1.88-1.8 (m, 
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1 H), L7-L5 (m, 2 H), 1.54 (s, 3 H, Me); ^^C NMR 5 162.4 (s, C=0), 162.32 (s), 
160.36 (s, 2C), 132.74 (s, ClOa), 112.51 (d, CIO), 100.08 (d, C4), 97.7 (s, C9a), 84.4 
(s, C5a), 76.46 (d, C6), 3L3 (t), 29.26 (t), 23.12 (t), 20.31 (q, Me), 18.88 (q, Me); 
MS.FAB, m/z 277 (M+1, 100%), 230, 139, 91. Analysis calc for C^s^Hi^^s' ^^-^l; 
5 H, 5.84. Found: C, 65.47; H, 5.61. Single crystals were obtained from the 

recrystallization in ether and the structure was unequivocally determined by an X-ray 
analysis. 

Compound IE: IH NMR 6 8.11 (d, J = 0.92 Hz, 1 H, CHO), 6.23 (d, 7 = 1.6 
10 Hz, 1 H, CIO H), 5.72 (s, IH, C4 H), 2.44-2.28 (m, 2 H), 2.19 (d, J - 0.6 Hz, 3 H, 
Me), 2.1-2.0 (m, 1 H), 1.9-1.64 (a series of m, 3 H), 1.57 (s, 3 H, Me); MS.FAB, m/z 
277 (M+1, 100%), Basic hydrolysis of IE with K2CO3 in MeOH gave the corresponding 
C6 alcohol having exact same NMR as the trans-dlcohol obtained from the condensation 
of pyrone 5A and alcohol 4B. 

15 

3-Methv1-lg- 5a.6.7.8.9-pentahvdro-l-oxopvranor4.3-birnben20Dvran (lA). 

A solution of 0.1 g (0.91 mmol) of cyclohexenecarboxaldehyde (4A), 0.115 g 
(0.91 mmol) of 4-hydroxy-6-methyl-2-pyrone (5A), and 0,052 g (0.455 mmol) of L- 
proline in 5 mL of ethyl acetate was heated at 70°C under argon atmosphere for 24 h. 

20 The mixture was cooled to room temperature, diluted with 100 mL of methylene chloride, 
washed with saturated aqueous NaHCOj solution twice (30 mL each), with water (60 
mL), and then with brine (60 mL), dried (MgS04), filtered, and concentrated to give 0.20 
g of crude product. Column chromatography on silica gel of the crude product using a 
gradient mixture of hexane:ether as eluant gave 0.15 g (80% yield based on recovered 

25 starting pyrone) of lA and 0.006 g (5% recovery) of 5A. Compound lA: mp IIO-IH^'C; 
X-ray analysis was carried out on a single crystal obtained from the recrystallization from 
ether-hexane and the structure was solved. IR (Nujol) v 1710 (s, C=0), 1630 (C=C), 
1560. ^H NMR 5 6.07 (s, 1 H ClOH), 5,7 (s. IH, C4H), 5.02 (dd, 7= 11, 5 Hz, IH, 
C5aH), 2.41 (m, IH, C9H), 2.18 (s, 3H, Me), 2.13 (m, IH, C5aH), 2.02-1.88 (m, 2H), 

30 1.8-1.7 (m, 2H), L5-1.4 (m, 2H); ^^C NMR 5 174 (s, C-0), 163.24 (s, C3), 161.38 (s, 
C4a), 133.06 (s, ClOa), 109.17 (d, CIO), 99.76 (d, C4), 97.33 (s, C9a), 79.69 (s, C5a), 
35.15 (t, C9), 33.14 (t, C6), 26.89 (t, C7), 24,52 (t, C8), 20.06 (q. Me); MS (CI) m/z 
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219 (M+1). Analysis Calculated for CJ3H14O3: C 71.54; H 6.47. Found: C, 71.39; H, 
6,53. 

Preparation of 2-methvl-2-cyclohexen*l-one (S) . 
5 A solution of 15 g (0.134 mol) of 2-metiiyl-l-cyclohexanone (7) and 23.84 g 

(0.134 mol) of ^-bromosuccinimide in 150 mL of carbon tetrachloride was stirred and 
heated to reflux for 12 h under argon. The mixture was cooled to room temperature, 
filtered through Celite to remove succinimide and tiie filter cake was washed with 150 mL 
of ether. The filtrate was concentrated to give 25.6 g (100% yield) of 2-bromo-2-methyl- 
10 1-cyclohexanone. NMR 5 3.21 (td, 7 = 16 Hz, 8 Hz, IH, CH-CO), 2.36 (m, 2H), 
2.06 (m, 2H), 1.82 (s, 3H, Me), 1,77 (m, 2H), 1.62 (m, IH). 

A mixture of 25.6 g (0.134 mol) of the above 2-bromo-2-methylcyclohexanone, 
29.7 (0.4 mol) of U2C0^ and 34.9 g (0.4 mol) of UBr in 300 mL of DMF was heated at 
15 ISO^'C under argon for 3 h. The reaction mixture was cooled to room temperature, diluted 
with 400 mL of water, and extracted three times with etiier (300 mL x 2 and 200 mL). 
The combined extract was dried (MgSO^), concentrated on a rotary evaporator to give 

12.96 g of crude product which was subjected to vacuum distillation to give 10.6 g (72% 
yield) of 8, bp. 90-95*'C/45 mm Kg; Lit. (Rinne, W.W. et al., "New Metiiods of 

20 Preparation of 2-meaiylcyclohexen-l-one," J. Am. Chem. Soc (1950) 72:5759-5760) 93- 
97**C/25 mm Hg; ^H NMR 5 6.75 (broad s, IH, =CH), 2.42 (dd, J = 5.6 Hz, 5 Hz, 2 
H), 2.33 (m, 2H), 1.95 (pent, 7 = 8 Hz, 2 H), 1.78 (q, 7 = 2 Hz, 3 H, Me); ^^C NMR 
8 199.88 (s, C=0), 145.61 (d, =CH), 135.65 (s, =C), 38.33 (t), 26.04 (t), 23.32 (t), 

15.97 (t). 

25 

1-r2-n .3-Dithianvm-2-methvl-2^vclohexen-l-ol (10). 

To a cold (-10*^0) solution of 6.71 g (55.9 mmol) of 1,3-diaiiane (9; commercially 
available) in 50 mL of THF under argon was added 24.6 mL (55.9 mmol; from a 2.27 M 
solution in hexane) of /i-BuLi dropwise via syringe over 35 minutes and the resulting 
30 solution was stirred for 2 hours. In a separate flask, a solution of 4.10 g (37.7 mmol) of 
8 in 25 mL of THF was prepared and this solution was added via cannula into the above 
dithiane anion solution. The solution was stirred at -10**C for 1 h and kqpt in the 
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refrigerator for 18 h, diluted with 100 mL of water, stirred for 10 minutes, and extracted 
three times with diethyl ether (100, 75, and 50 mL). The combined extract was washed 
twice with brine (2 x 100 mL), dried (MgS04), filtered, concentrated to give 13.147 g of 
crude product. Column chromatographic separation on silica gel using a gradient mixture 
of hexanKcdier as eluant gave 8.208 g (96% yield) of 10 as an oil. NMR 5 5.74 (t, J_ 
= 4 Hz, IH, =CH), 4.42 (s, IH, CH-S), 3.0-2.8 (m, 4H CH^-S), 2.28 (s, 1 H, OH), 
2.16-1.6 (series of m, 8 H), 1.82 (broad s, 3 H, Me); "c NMR 5 133.81 (s, =C), 
130.25 (d, =CH), 74.04(s, CO), 59.13 (d, CH-S), 33.88 (t, CH^S), 31.78 (t, CH^S), 
31.33 (t, CHj), 26.37 (t, CH^), 25.61 (t, CHj), 18.73 (t, CH^), 17.75 (q. Me); MS (EI) 
m/z 230 (M"^). 

^-f2-C1 ■3-Dithianvni-2-methvl-2-cvcloh exen-l-ol (11). 

A solution of 1.031 g (4.48 mmol) of alcohol 10 in 50 mL of p-dioxane and 75 mL 
of 1 % aqueous solution of H2SO4 was stirred at 25''C for 5.5 h, and then extracted three 
times with diethyl ether (100 mL each). The combined extract was washed with 80 mL of 
saturated aqueous NaHCOj, twice with water (80 mL each) and 80 mL of brine, dried 
(MgSO^), concentrated, and column chromatographed on silica gel using a gradirat 
mixture of hexane and diethyl ether as solvent to give 0.533 g (58% yield based on 
recovo-ed starting material 10) of 11 as an oil and 0.11 g (11% recovery) of 10. 
Compound 11: ^H NMR 5 5.09 (s, 1 H, CHS), 3.97 (broad s, 1 H, CHO), 3.04-2.95 (m, 
2 H, CHjS), 2.87-2.81 (m, 2 H, CHjS), 2.32-2.24 (m, 1 H), 2.16-2.07 (m, 2 H), 1.91 (t, 
/= 4 Hz, 3 H, Me), 1.89-1.58 (a series of m, 5 H); ^^C NMR 5 132.89 (s, C=), 
131.85 (s, =0, 69.6 (d, CO), 51.11 (d, CHS), 31.81 (t), 31.36 (2 C, t, CH2S), 26.6 (t), 
25.45 (t), 18.48 (t), 16.41 (q. Me); MS (EI) m/z 230 (M+). Analysis Calc. for 
CjiHigOSj: C, 57.35; H, 7.87. Found: C, 57.56; H, 8.10. 

3-Hvdroxv-2-methvl-l-cv r1nhexen-l-carfaoxaldehvde r4B). 

To a flask containing a stirring bar, 0.197 g of AgN03 (1.16 mmol) and 0.139 g 
(1,04 mmol) were added and the content was dried under vacuum, maintained under argon 
atmosphere, and 6 mL of CH3CN and 2.5 mL of H^O were added. The flask was stirred 
and cooled over ice-water bath, and a solution of 0.059 g (0.26 mmol) of 11 in 5 mL of 
acetonitrile was added dropwise via cannula. The solution was stirred at O'C for 45 min, 
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and 1 mL each of saturated aqueous Na2S03 and NajCOj were added at 1 min interval, 
and then 20 mL of a 1:1 mixture of CH2CI2 and petroleum ether was also added. The 
resulting mixture was filtered through Celite and the solid carefully washed with 120 mL 
of 1:1 mixture of CH2CI2 and petroleum ether. The filtrate was transferred into a 
separatory funnel and the water layer was removed. The organic layer was washed with _ 
10 mL of saturated aqueous NAHCO3, dried (MgS04), concentrated to give 3L5 mg of 
the crude aldehyde 4B. The NMR spectrum of the crude product indicated 18 mg 
(5096 yield) of the desired aldehyde and 13 mg of succinimide. This material can be used 
directly in the next reaction without further purification. In a separated reaction, the mix- 
ture was separated on silica gel flash column chromatography and provided 18 mg (50% 
yield) of pure 4B. Aldehyde 4B is not a stable compound and elemental analysis was not 
performed. NMR 5 10.18 (s, 1 H, CHO), 4.16 (broad s, 1 H, CH-0), 2.27 (s, 3 H, 
Me), 2.3M.6 (a series of m, 6 H); ^^C NMR 6 192.37 (s, C=0), 154,24 (s, C=), 
134.96 (s, C=), 70.32 (d, C-0), 31.79 (t), 22.7 (t), 17.91 (t), 14.85 (q, Me); MS, FAB 
m/z 141 (M+1, 100%), 140 (M+), 

3-Formvloxv-'2-meth vl- 1 -cyclohexen- 1-carboxaldeh yde (4C) . 

A solution of 0.494 g (2.15 mmol) of alcohol 10 and three crystals of p- 
toluenesulfonic acid (anhydrous) in 2.43 mL of formic acid and 15 mL of THE was stirred 
under argon at 25°C for 16 h. The solution was diluted with 100 mL of diethyl ether, 
washed with 40 mL of saturated aqueous NaHC03, and 50 mL of brine, dried (MgSO^), 
concentrated, and column chromatogr2q)hed on silica gel using a gradient mixture of 
hexane and diethyl ether as eluant to give 0.388 g (70% yield) of l-[2-(l,3-dithianyl)]-3- 
formyloxy-2-methyH-cyclohexene and 0.048 g (9% yield) of alcohol 11. l-[2-(l,3- 
dithianyl)]-3-formyloxy-2-methyH-cyclohexene: NMR 5 8.12 (s, 1 H, CHO), 5.36 
(broad s, 1 CH-O), 5.1 (s, 1 H, CHS), 3.05-2.95 (m, 2 H, CH2S), 2.9-2.8 (m, 2 H, 
CH2S), 2.4-2.3 (m, 1 H), 2.2-2.05 (m, 2 H), 1.94-1.6 (m, 5 H), 1.78 (s, 3 H, Me); ^^C 
NMR 6 160.97 (s, C=0), 135.18 (s, C=), 128.43 (s, C-), 71.68 (d, C-)), 50.95 (d, 
CS), 31.34 (t, 2 C, CS), 28.7 (t), 26.43 (t), 25.42 (t), 18.55 (t), 16.31 (q, Me); MS, FAB 
m/z 259 (M+1), 258 (M+). 
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To a dried 100 mL-round-bottomed flask 1,19 g (7 mmol) of AgNOj, 0.828 g (6.2 
mmol) of iV-chlorosuccinimide, 40 mL of CH3CN and 16 mL of were added under 
argon, and the solution was stirred and cooled over ice-water bath. To it, a solution of 
0.4 g (1.55 mmol) of l-[2-(l,3-dithanyl)]-3-formyloxy-2-methyl-l-cyclohexene in 10 mL 
of CH3CN was added dropwise over 30 min. To the reaction solution, 2 mL saturated _ 
aqueous solution of Na2S03, 2 mL of saturated aqueous NaCl solution, and 20 mL of a 
1:1 mixture of CH2Cl2:petroleum ether were added sequentially at 1 minute intervals. 
The whole mixture was then filtered through Celite, washed with 100 mL of CH2CI2 and 
petroleum edier. The filtrate was transferred into a separator/ funnel, the water layer was 
separated and extracted with 40 mL of CHjClj. The combined organic layers were dried 
(MgS04), filtered, concentrated, and column chromatographed on silica gel using a 
gradient mixture of hexane and dietiiyl ether as eluant to give 0.154 g (59% yield) of pure 
4C; m (neat) v 2750, 1720, 1680 (C=0); NMR 6 10.2 (s, I H, CHO), 8.18 (d, 
7=0.8 Hz, 1 H, formyloxy CH), 5.53 (t, 7=4.8 Hz, 1 H, CH-O), 2.39-2.3 (m, 1 H), 
2.14 (s, 3 H. Me), 2.17-2,08 (m, 1 H), 1.94-1.6 (a series of m, 4 H); ^^C NMR 5 
191.59 (s, C=0 aldehyde), 160.66 (s, C=0 of formyloxy), 148.69 (s, C=), 137.36 (s, 
C=). 71.72 (d, CH-O), 28.57 (t), 22.48 (t), 17.89 (t), 14,76 (q, Me); MS, FAB m/z 169 
(M+1), 168(M+). 

Ethyl S-f3-pvridvlV3.S-di oxopentanoate 

To a cold (-10**C) solution of 13.45 mL (96.2 mmol) of diisopropylamine in 150 
mL of diethyl ether under argon was added 42.36 mL (96,2 mmol; 2.27 M solution in 
hexanes) of n-BuLi via syringe and the solution was stirred for 1 h. In a separated flask, 5 
g (38.5 mmol) of freshly distilled ethyl acetoacetate and 60 mL of dietiiyl ether were 
added and the solution was cooled to -78*C: To it, the above LDA solution was added 
via cannula, then 5.8 mL (38.5 mmol) of N,iV,iV',JV'-tetramethyleaiylenediamine 
(TMEDA) (distilled from LiAlH4) was added via syringe, and the solution was stirred at 
0*C for 3 h. To tiiis dianion solution, a solution of 5.81 g (38.5 mmol) of ethyl nicotinate 
(freshly distilled) in 60 mL of diethyl etiier was added via cannula and tiie reaction 
solution was warmed to room temperature and stirred for 30 h. To the solution, 5,5 mL of 
acetic acid was added and stirred for 10 min, filtered tiirough fritted funnel, and tfie solid 
(desired product; exists as a protonated salt) was washed witii 200 mL of diethyl etiier. 
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The filtrate was concentrated to give 1.691 g of material and the NMR spectrum indicated 
that it is a mixture of starting material and some unidentified components. The solid was 
transferred into a beaker and dissolved in 160 mL of distilled water and 60 mL of I N 
HCl, and extracted three times with methylene chloride (120 mL each). The combined 
extract was washed with 100 mL of brine, dried (MgS04), concentrated to give 7.921 g _ 
(87.5% yield) of the desired product 13A. % NMR spectrum of this material indicated it 
is sufficiently pure and can be used in the next reaction without purification. Mp 38.5- 
39*»C; NMR 5 9.07 (s, 1 H, C-2' H, pyr.), 8.74 (d, 7=4.6 Hz, IH, C6'H, pyr.), 
8.16 (d, J= 8 Hz, C4'H), 7,41 (dd, 7= 8 Hz, 4.6 Hz, C5'H), 6.32 (s, 1 H, =CH of 
enol; the compound completely exists as enol form at C4), 4.22 (q, 7= 7,2 Hz, 2 H, 
OCH2), 3.5 (s, 2 H, CH2-C=0), L3 (t, 7 = 7.2 Hz, 3 H, Me); ^^C NMR 5 189.93 (s, 
C=0, C3), 179.97 (s, 0-C=, C5), 167.11 (s, C=0 ester), 152.74 (d, C2'), 148.13 (d, 
C6'), 134.3 (d, C40, 129.7 (s, C30, 123.41 (d, C5% 97.18 (d, =CH, C4), 61,39 (t, 
OCH2), 45.66 (t, CH2), 13.93 (q, Me); MS.FAB, m/z 236 (M+1), 235 (M+). 

4-Hvdroxv-6-n-pvridvlV2 -pvrone-f5B): 

To a flask equipped with an adaptor connecting to a manifold, 0.594 g (2.53 
mmol) of ester 13A was added while the flask was maintained under argon. The flask 
was then connected to a vacuum set at 3 mm Hg pressure and heated over an oil bath at 
150*'C. The flask was kept at this temperature for 0.5 h and then cooled to room 
temperature. Diethyl ether was added to the crude product and filtered, washed with 
diethyl ether. The solid after drying under vacuum gave 0,38 g (89% yield based on 
recovered starting ester 13A) of 5B. The filtrate was concentrated and colunm 
chromatographed to give 0.065 g (10.9% recovery) of starting ester 13 A. Compound 5B: 
mp 187-189''C; Lit. (Narashimhan, N.S. iand Ammanamanchi, R., "Mechanism of 
acylation of dilithium salts of p-ketoesters: an efficient synthesis of anibine," J. Org. 
Chem. (1983) 48:3945-3947) 254-255 **C; ^H NMRCCDClj and DMS0-d6) 5 9.03 (s, 1 H, 
CT H), 8.67 (d, J = 5.2 Hz, 1 H, C6' H) pyr ring), 8.13 (d, 7 = 8 Hz, 1 H, C4' H), 
7.41 (dd, / = 8 Hz, 5.2 Hz, 1 H, C5* H), 6.56 (d, J = 1.6 Hz, 1 H, C3 H), 5.62 (d, J 
= 1.6 Hz, 1 H, C5 H); MS.FAB, m/z 190 (M+1), 189 (M+). 
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Methvl S-f3.4-dimethoxvDhenvn-3,5-diQxoDentanoate (13B) . 

To a cold (-lO^'C) solution of 8,9 mL (63.7 mmol) of diisopropylamine in 100 mL 
of diethyl ether under argon was added 28.1 mL (63.7 mmol; 2.27 M solution in hexanes) 
of n-BuLi via syringe and the solution was stirred at 0**C for 45 nun. In a separated 
flask, 3.315 g (25.5 mmol) of freshly distilled ethyl acetoacetate and 50 mL of dietiiyl - 
ether were added and the solution was cooled to -78**C. To it, the above LDA solution 
was added via cannula, then 3.84 mL (25.5 mmol) of N,N,N\N'- 

tetramethylethylenediamine (TMEDA) (distilled from LiAlH^) was added via syringe, and 
the solution was stirred at 0**C for 3 h. To this dianion solution, a solution of 5.0 g (25.5 
mmol) of methyl 3,4-dimethoxybenzoate in 50 mL of diethyl ether was added via cannula 
and the reaction solution was warmed to room temperature and stirred for 40 h. The 
reaction mixture was filtered through fritted funnel, and the solid (desired product) was 
saved. The organic filtrate from the above filtration was washed with a solution of 50 mL 
of 1 jV HCl and 50 mL of distilled water, and then with 80 mL of brine, dried (MgS04), 
and concentrated to give the desired product, 5-(3,4-dimethoxy-phenyl)-3,5-dioxopentanoic 
add. The solid obtained above was dissolved in 80 mL of distilled water and 10 mL of 1 
iVHCI solution, and washed twice with methylene chloride (100 mL each). The water 
layer was further acidified with 100 mL of 1 iVHCl, extracted twice with methylene 
chloride (50 mL each). The combined methylene chloride extract was washed with 80 mL 
of brine, dried (MgS04), concentrated to give the desired carboxylic acid [5-(3,4- 
dimethoxyphenyl)-3,5-dioxopentanoic acid]. This acid and the above acid from the filtrate 
were combined and dissolved in 50 mL of CH2CI2, cooled over ice-water batii, and a 
solution of diazomethane in diethyl etiier was added dropwise until the carboxylic acid was 
no longer present. The solution was concentrated on a rotary evaporator and dried under 
vacuum, and colunm chromatographed on silica gel using a gradient mixture of hexane 
and ethyl acetate as eluant to give 3.798 g (56% yield) of pure 13B. NMR 5 7.51 
(dd, J = 8.5 Hz, 2 Hz, 1 H, C5' H, Ar), 7.45 (d, / = 2 Hz, 1 H, C2' H), 6.9 (d, / = 
8.5 Hz, 1 H, C6' H), 6.24 (s, 1 H, =CH of enol at C4&5), 3.95 (s, 6 H, 2 OMe on Ar 
ring), 3.77 (s, 3 H, MeO), 3,47 (s, 2 H, CH^); ^^C NMR 5 186,18 (s, C3 C=0), 184,05 
(s, C5 =C-0), 168.21 (s, C=0 ester), 153.16 (s, C4'Ar), 149.07 (s, C3'Ar), 127,04 (s, 
Cl'Ar), 121.49 (d, C2'), 110.56 (d, C5'), 109.66 (d, C6'), 96.17 (d, C4 =CH), 56.06 (q, 
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OMe), 56.0 (q, OMe), 52.32 (q, OMe of ester), 44.89 (t, CH2); MS.FAB, m/z 281 
(M+1), 280 (M+). 

4-Hvdroxv-6-n .4-diinethoxvphenvlV2-Dvronef5a: 

A flask containing the methyl ester 13B (2.2 g; 7.86 mmol) was connected into a _ 
vacuum system to provide -3 mmHg pressure and heated over an oil bath to 160° C over a 
one hour period. The reaction was kept at this temperature for another one hour, cooled 
to room temperature, diluted with a small amount of ether and filtered to collect the 
yellow solids, washed with ether, and the solids were dried under vacuum to give 1.04 g 
(70.5% yield based on recovered starting material 13B) of pyrone 5C and 0.534 g (24% 
recovery) of starting ester 13B. Compound 5C: mp 210-212°C, NMR 6 7.40 (dd, J 
= 8.3 Hz, 2 Hz, 1 H, C6' of the phenyl ring), 7.33 (d, 7 = 2 Hz, 1 H, C2' of Ph ring), 
6.91 (d, J = 8.3 Hz, 1 H, C5'), 6.40 (s, C3 H), 5.55 (s, 1 H, C5 H), 3.95 (s, 3 H, 
OMe), 3.94 (s, 3 H, OMe); MS.FAB, m/z 249 (M+ 1), 248 (M+). 

rtv- and mgLY-3.5a-Dimethvl-6-hvdroxv-lg-Sa.6.7.8.9-pentah vdro-l -oxopyranor4.3-biril- 
hm/npyran flB and lO: 

From 0.024 g (0.188 mmol) of aldehyde 4B and 23.7 mg (0.188 mmol) of pyrone 
5A, heating with 3 mL of ethyl acetate and 3 drops (-15 mg) of piperidine and 3 drops of 
acetic acid at 80*0 for 18 h, 0.033 g (72% yield) of a mixture of IB and IC in a ratio of 
1.6:1 (obtained from % NMR spectrum) was obtained. Compound IB: *H NMR 6 6.13 
(d, / = 2 Hz, 1 H, CIO H), 5.77 (s, 1 H, C4 H), 4.07 (dd, / = 8.4 Hz, 3.4 Hz, 1 H, 
C5a H), 2.36-2.16 (a series of m, 2 H), 2.21 (s, 3 H, C3 Me), 2.14 (broad s, IH, OH), 
1.98-2.04 (mi 1 H), 1.83-1.76 (m, 1 H), 1.561.42 (m, 2 H), 1.47 (s, 3 H, C5a Me); ^^C 
NMR 6 162.42 (s, CI), 162.08 (s, C4a), 158 (s, C3), 134.17 (s, ClOa), 111.67 (d, CIO), 
100.13 (d, C4),98.08 (s, C9a), 87.07 (s, C5a), 76.16 (d, C6)31.59 (t), 30.94 (t), 23.20 
(t), 20.36 (q. Me), 17.52 (q. Me); MS.FAB, m/z 249 (M-l-1), 248 (M+). Compound 
IC: ^H NMR 6 6.23 (d, 7= 3 Hz, 1 H, CIO H), 5.80 (s, 1 H, C4 H), 3.87 (t, 7 = 1 Hz, 
1 H, C5a H), 2.21 (s, 3 H, C3 Me), 1.44 (s, 3 H, C5a Me), 2.4-1.5 (a series of m, 6 H); 
MS.FAB, m/z 249 (M+1), 248 (M-J-). 
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:^-f:V-PvridvlVlf/-5a.6.7.8.9-pentahvdro-l- oxopyranor4.3-birnbenzopyran (2A). 

From 0.344 g (1.82 ramol) of pyrone SB and 0.2 g (1.82 mmol) of aldehyde 4A, 
0.373 g (73% yield) of 2A was obtained after column chromatographic separation. IR 
(Nujol) V 3070, 1690, 1620, 1540, 1200, 1060, 1020. % NMR 6 8.99 (d, J = 2 Hz, 1 
H, Pyr.), 8.65 (dd, J = 4.9 Hz, 2 Hz, 1 H, C6'H), 8.1 (dt, 7 = 8 Hz, 2 Hz, 1 H, 
C4'H), 7.38 (dd, 7 = 8 Hz, 4.9 Hz, 1 H, C5'H), 6.44 (s, 1 H, CIO H), 6.14 (s, 1 H, C4 
H), 5.14 (dd, 7 = 11 Hz, 5 Hz, 1 H, C5a H), 2.47 (m, IH, C9 H), 2.19 (m, 1 H, C9 
H), 2.03 (m, 1 H), 1.94 (m, 1 H), 1.86-1.76 (m, 2 H), 1.5 (dt, 7 = 13 Hz, 3.4 Hz, 1 
H), 1.37 (dt, 7 = 13 Hz, 3.4 Hz, 1 H); NMR 6 162.63 (s, CI), 161.44 (s, C4a), 
156.51 (s, C3), 151.22 (d, C2'), 146.73 (d, C6'), 134.94 (s, C3'), 132.84 (d, C4'), 
127.56 (s, ClOa), 123.73 (d, C5'), 109.22 (d, CIO), 99.84 (s, C9a), 98.57 (d, C4), 80.08 
(d, C5a), 35.34 (t, C9), 33.38 (t, C6), 27.01 (t, C7), 24.62 (t, C8); MS.FAB, m/z 282 
(M+1, 100%), 281 (M+), 252, 202, 148, 136, 106. Anal. Calc. for Ci7Hj5N03: C, 
72.58; H, 5.37. Found: C, 72.33; H, 5.42. 

3-(3.4-Dimethnxyphenvn-l/y-Sa.6.7.8.9-pentahvdr(> -l-oxopvranor4.3-birnbenzopvran 
(3A). 

From 0.2 g (0. 81 mmol) of 5C and 0.135 g (0.81 mmol) of aldehyde 4A, 0.20 g 
(62% yield) of 3A was obtained after column chromatographic separation. Mp. 137- 
nS'-C; m (Nujol) V 3010, 3050, 1700, 1650, 1630, 1560, 1520, 1280, 1240, 1150; *H 
NMR 6 7.37 (dd, 7 = 8.5 Hz, 2 Hz, 1 H, C6'H, Ph ring), 7.28 (d, 7 = 2 Hz, 1 H, 
C2'H), 6.9 (d, 7 = 8.5 Hz, 1 H, C5" H), 6.29 (s, 1 H, CIO H), 6.14 (s, 1 H, C4 H), 
5.(^7 (dd, 7 = 11.4 Hz, 5.2 Hz, 1 H, C5a H), 3.94 (s, 3 H, OMe), 3.93 (s, 3 H, OMe), 
2.45 (d, 7 = 14 Hz, 1 H, C9 H), 2.18 (m, 1 H), 2.02 (m, 1 H), 1.92(m, IH), 1.78 (m, 
2 H), 1.54-1.34 (m, 2 H); ^'C NMR 5 163.44 (s, CI), 161.95 (s, C4a), \59.2%s, C3), 
151-3 (s, C4', Ph ring), 149.16 (s, C3*), 133.61 (s, CI'), 124.13 (s, ClOa), 118.89 (d, 
C2'), 111.05 (d, C5'), 109.38 (d, CIO), 108.12 (d, C6'), 98.05 (s, C9a), 96.1 (d, C4), 
79.75 (d, C5a), 56.12 (q, OMe), 56.04 (q, OMe), 35.25 (t, C9), 33.25 (t, C6), 26.95 (t, 
C7), 24.58 (t, C8); MS.FAB, m/z 341 (M+1, 100%), 340 (M-I-), 307, 289, 261, 235, 
219. Anal. Calc. for C20H20O5: C,70.58; H, 5.92. Found: C,70.31; H, 6.11. 
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pcand fmn.T-^-n-PvridvlV 5a-methvl-6-hvdroxv-lg-Sa.6.7.8.9-pentahvdro-l- 
mcnpvTanor4.:^-hirn-benzopvran OR and 20 and cis- and rrfl/K-3-f3-pvridvn-5a-methvl-6- 
fnnny1oxv-lfl-5a.6.7.8.9-pen tahvdro-l-oxopvranor4.3-birn-benzoDvran (2D and 2E): 

Condensation of 0.073 g (0.39 mmol) of pyrone SB and 0.065 g (0.39 mmol) of 
alddiyde 4C in the presence of 0.023 g (0.19 mmol) of L-proline in 5 mL of ethyl acetate, 
under argon at 70° C was carried out for 3 days and then 3 mL of iV.iV-dimethylformamide 
(DMF) was added and the reaction mixture was heated at the same temperature for 
another 3 days. After aqueous work-up as described in the general procedure, 0.131 g of 
crude product was obtained. Column chromatographic separation of this material afforded 
39% yield of formates 2D and 2E (in a ratio of 2: 1) and 1 1 % yield of alcohols 2B and 2C 
(ratio of 2: 1). Compounds 2D and 2E, and 2B and 2C are separable by a careful silica- 
gel column chromatography to give 34 mg (26% yield) of 2D, 17 mg (13% yield) of 2E, 
9 mg (7.3% yield) of 2B, and 4 mg (3.7% yield) of 2C. Compounds 2B and 2C were 
probably formed from the hydrolytic reaction with trace amount of HjO contained in 
DMF. 

Compound 2D: Mp. 160-16rC; % NMR 5 9.0 (d, 7 = 2 Hz, 1 H, C2' H, pyr.), 
8.66 (dd, 7 = 5 Hz, 2 Hz, 1 H, C6'H), 8.18 (s, 1 H, CHO), 8.09 (dt, J = 8 Hz, 2 Hz, 1 
H, C4'H), 7.39 (dd, 7 = 8 Hz, 5 Hz, 1 H, C5'H), 6.46 (s, 1 H, ClOH), 6.26 (s, 1 H, 
C4H), 5.38 (dd, 7 = 12 Hz, 5 Hz, 1 H, C6H), 2.42 (m, 1 H, C9H), 2.3 (m, 1 H, C9H), 
2.12 (m, 1 H), 1.88 (m, 1 H), 1.7-1.52 (m, 2 H), 1.60 (s, 3 H, Me); "C NMR 5 161.5 
(s, CI), 160.14 (d, s, 2 C, CHO & C4a), 157,12 (s, C3), 151.33 (d, C2', pyr.), 146.72 
(d, C4'), 134.2 (d, C3'), 132.8 (d. C4'), 127.31 (s, ClOa), 123.6 (d, C5'), 112.25 (d, 
CIO), 99.82 (s, C9a), 98.5 (d, C4), 84.61 (s, C5a), 76.18 (d. C6), 31.25 (t, C9), 29.07 
(t, CI), 22.85 (t, C8), 18.85 (q, Me); MS.FAB, m/z 340 (M+1, 100%), 293, 278, 266, 
240, 202, 173. Anal. Calc. for C19H17NO5: C, 67.25; H, 5.05. Found: C, 67.07; H, 
5.29. 



Compound 2E: ^H NMR 8 9.0 (d, 7 = 2 Hz, 1 H, C2'H, pyr.), 8.66 (dd, 7 = 5 
Hz, 2 Hz, 1 H, C6'H), 8.14 (s, 1 H, CHO), 8.10 (dt, 7 = 8 Hz, 2 Hz, 1 H, C4'H), 7.39 
(dd, 7 = 8 Hz, 5 Hz, 1 H, C5'H), 6.45 (s, 1 H, ClOH), 6.31 (s, 1 H, C4H), 5.28 (broad 
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s, 1 H, C6H), 2.46-1.5 (a series of m, 6 H), 1.64 (s, 3 H, Me); MS.FAB, m/z 340 
(M+1, 100%). 

Compound 2B: NMR 5 9.0 (d, 7 = 2 Hz, 1 H, C2'H, pyr.), 8.66 (d, 7 = 4 
Hz, 1 H, C6'H), 8.10 (dt, 7 = 8 Hz, 2 Hz, 1 H, C4'H), 7.39 (dd, 7 = 8 Hz, 4 Hz, 1 H, 
C5*H), 6.51 (s, 1 H, ClOH), 6.20 (d, 7 = 2 Hz, 1 H, C4H), 4.14 (dd, 7 = 12 Hz, 4.4 
Hz, 1 H, C6H), 2.42-1.4 (a series of m, 6 H), 1.54 (s, 3 H, Me); Anal. Calc. for 
C18H17NO4: C, 69.44; H, 5.50. Found: C, 69.17; H, 5.21. 

Compound 2C: ^H NMR 5 9.0 (d, 7 = 2 Hz, 1 H, C2'H, pyr.), 8.66 (d, 7 = 4 
Hz, IH, C6'H), 8.10 (dt, J = 8 Hz, 2 Hz, 1 H, C4'H), 7.39 (dd, 7 = 8 Hz, 4 Hz, 1 H, 
C5'H), 6.32 (s, 1 H, ClOH), 6.20 (d, 7 = 2 Hz, 1 H, C4H), 3.94 (broad s, 1 H, C6H), 
2.42-1.4 (a series of m, 6 H), 1.51 (s, 3 H, Me); MS.FAB, m/z 312 (M-l-1, 100%). 

r/.c-and fwzfty-3-f3.4-Dimethoxvnhenvn- 5a-methvl-6-hvdroxv-lg-5a.6.7.8.9-t>entahvdro-l- 
f»Tnpvranor4.3 -birn-benzoDvran f3B and 3C^: 

Condensation of 0.103 g (0.41 mmol) of pyrone 5C and 0.058 g (0.41 mmol) of 
hydroxy aldehyde 4B gave 3B and 3C in a ratio of 2:1. Column chromatographic 
separation gave pure 3B and 3C. 

Compound 3B: ^H NMR 5 7.39 (dd, 7 = 8 Hz, 2 Hz, 1 H, C6', Ph), 7.29 (d, 7 = 2 Hz, 
C2'H), 6.9 (d, 7 = 8 Hz, 1 H, C5'H), 6.37 (s, 1 H, ClOH), 6.2 (d, 7 = 2 Hz, 1 H, 
C4H), 4.12 (dd, 7 = 12 Hz, 5 Hz, 1 H, C6H), 3.94 (s, 3 H, OMe), 3.93 (s, 3 H, OMe), 
2.36 (m, 1 H), 2.26 (m, 1 H), 2.04 (m, 1 H), 1.82 (m, 1 H), 1.6-1.46 (m, 2 H), 1.51 (s, 
3 H, Me); MS.FAB, m/z 371 (M+1, 100%), 370 (M+), 355, 325, 307, 261, 219, 207. 
Anal. Calc. for CijHzaOg: C, 68.10; H, 5.99. Found: C, 67.89; H, 5.73. 

Compound 3C: ^H NMR 6 7.38 (dd, 7 = 8 Hz, 2 Hz, 1 H, C6', Ph), 7.29 (d, 7 = 2 
Hz, C2'H), 6.9 (d, 7 = 8 Hz, 1 H, C5'H), 6.37 (s, 1 H, ClOH), 6.31 (d, 7 = 2 Hz, 1 

H, C4H), 3.92 (m, 1 H, C6H). 3.94 (s, 3 H, OMe), 3.93 (s. 3 H, OMe), 2.53 (broad s, 
1 H, OH), 2.42 (ra, 1 H), 2.3 (m, 1 H), 2.08 (m, 1 H), 1.88 (m, 1 H), 1.77 (m, 1 H), 

I. 58 (m, 1 H), 1.49 (s, 3 H, Me); "C NMR 5 162.29(s, CI), 161.6 (s, C4a), 159.52 (s. 
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C3), 151.4 (C4', Ph), 149.19 (s, C3*), 133.87 (s, CI'), 124.0i;s, ClOa), 118.9 (d, C2'), 
112.65 (d, C5'), 111.04 (d, CIO), 108.17 (d, C6'), 99.07 (s, C9a), 96.18 (d, C4), 85.62 
(s, C5a), 73.07 (d, C6), 56.10 (q, OMe), 55.99 (q, OMe), 31.21 (t, C9), 29.03 (t, C7), 
22.62 (t, C8), 19.56 (q. Me); MS.FAB, m/z 371 (M+1, 10096), 370 (M+). 

5 

rK-andmiitr-3-r3 .4-DimethoxvphenvlV6-formvloxv-5a-methvl-lg-5a.6.7.8.9-pentahvdro- 
l-nxopvranor4.3-bi rn-benzopvran (3D and 3EV 

From 0.062 g (0.25 ramol) of pyrone 5C and 0.042 g (0.25 mmol) of aldehyde 4C, 
48 mg (48% yield) of a 2:1 mixture of formyloxy derivatives 3D and 3E, and 22 mg 
10 (24% yield) of a 2:1 mixture of alcohol 3B and 3C were obtained after column 
chromatographic separation. 

Compound 3D: IR (Nujol) v 3080, 1690 (s, C=0), 1640, 1610, 1595, 1535, 1485, 1310, 
1255, 1170, 1130, 1010, 970, 955, 845, 790; NMR 5 8.20 (s, IH, CHO), 7.40 (dd, J 

15 = 8 Hz, 2 Hz, 1 H, C6'H,Ph), 7.27 (d, 7 = 2 Hz, 1 H, C2'H), 6.90 (d, 7= 8 Hz, 1 H, 
C5'H), 6.32 (s, 1 H, ClOH), 6.24 (d, J = 2 Hz, 1 H, C4H), 5.34 (dd, 7 = 12 Hz, 4.6 
Hz, 1 H, C6H), 3.94 (s, 3 H, OMe), 3.92 (s, 3 H, OMe), 2.4-1.5 (a series of m, 6 H), 
1.58 (q, Me); "c NMR 5 [from a 2: 1 ratio of a mixture of 3D (c) and 3E (t)] 162.28 
(a, t), 162.08 (a,c), 161.33 (C4a, t), 161.23 (C4a, c), 160.09 (CHO, c), 159.98 (CHO, 

20 t), 159.65 (C3, c), 159.40 (C3, t), 151.19 (C4', c), 151.14 (C4', t), 148.88 (C3', c & t), 
132.72 (Cr, c), 131.79 (Cr, t), 123.65 (ClOa, c & t), 118.80 (C2', c), 118.73 (C2', t), 
112.24 (C5', c), 112.12 (C5', t), 110.77 (CIO, c & t), 107.84 (C6', c), 107.77 (C6', t), 
97.87 (C9a, c), 97.45 (C9a, t), 95.85 (C4, c), 95.69 (C4, t), 83.98 (C5a, c), 82.67 (C5a, 
t), 76.23 (C6, c), 73.97 (C6, t), 56.83 (OMe, c & t), 55.74 (OMe, c& t), 30.91 (C9, c), 

25 30.81 (C9, t). 28.82 (C7, c), 27.67 (C7, t), 22.65 (C8, c), 20.36 (C8, t), 18.46 (Me, c & 
t); MS.FAB, m/z 399 (M+1, 80%), 398 (M+), 352 (90%), 261, 165 (100%), 136. 

Compound 3E (pure): *H NMR 6 8.15 (s, 1 H, CHO), 7.40 (dd, 7 = 8 Hz, 2 Hz, 1 H, 
C6'H, Ph), 7.27 (d, 7 = 2 Hz, 1 H, C2'H), 6.90 (d, 7 = 8 Hz, 1 H, C5'H), 6.32 (s, 1 
30 H, ClOH), 6.29 (s, 1 H,C4H), 5.28 (s, 1 H, C6H), 3.94 (s, 3 H, OMe), 3.92 (s, 3 H, 
OMe), 2.4-1.5 (a series of m, 6 H), 1.62(q, Me); MS.FAB, m/z 399 (M+1. 80%), 398 
(M+). 
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55ynthe5;is of l/ y-6.7.8.9-tetrahvdr(>-l-oxoDvranor4.3-blQuinoline (24) and 1H-7.8.9.1Q- 
tetrahvdro-l-Q xopvraiior4.3-c1isoQuinoline (26\ bv Scheme 8. 

A mixture of 0.190 g (1.52 mmol) of pyrone 20, 250 mg (2.28 mmol) of aldehyde 
4A, and 35 mg (0.15 mmol) of (5)-(+)-10-camphorsulfonic acid in 12 mL of toluene was 
heated at 85**C for 3 days under argon atmosphore. The mixture was cooled to room 
temperature, filtered, and washed with 20 mL of ethyl acetate. The filtrate was diluted 
with 100 mL of methylene chloride, washed with 50 mL of water, and 50 mL of brine, 
dried (MgSO^), concentrated, and column chromatographed on silica gel using ethyl 
acetaterhexane (2:1) as eluant to give 13.3 mg (19% yield; based on unrecovered starting 
material) of 24, 33 mg (48% yield) of 26, and 150 mg (79% recovery) of pyrone 20. 
Pyrone 20 can be reused under similar reaction conditions to provide more materials of 24 
and 26. 

Compound 24: white solids, mp 71-72°C; NMR (CDCI3) 5 8.15 (s, 1 H, CIO H), 
6.44 (s, 1 H, C4 H), 3.01 (t, 7 = 7 Hz, 2 H, CH^), 2.88 (t, 7 = 7 Hz, 2 H, CH2), 2.31 
(s, 3 H, Me), 1.95 (m, 2 H, CH^). 1.86 (m, 2 H, CH^); ^^C NMR (CDCI3) 5 168 (s, 
CI), 165.71 (s, C5 a), 157.69 (s, C4a), 152.22 (s, C3), 137,2 (d, CIO), 132.34 (s, ClOa), 
114.0 (s, C9a), 105.48 (d, C4), 33.34 (t, CHj), 28.69 (t, CHj), 22.59 (t, CH^), 22.32 (t, 
CH2), 19.89 (q, Me); MS (FAB) 216 (M+1). The structure was unequivocally 
determined by a single-crystal X-ray analysis. 

Compound 26: white solids, mp 73-74X; ^H NMR (CDCI3) 5 8.50 (s, 1 H, CIO H), 
6.43 (s, 1 H, C4 H), 3.35 (t, 7 - 6 Hz, 2 H, CH2), 2.82 (t, 7 = 6 Hz, 2 H, CHj), 2.29 
(s, 3 H, Me), 1.90-1.80 (m, 4 H, CH^); ^^C NMR (CDCI3) 5 162.5 (s, CI), 157.4 (s), 
156.4 (d, C6), 154.4 (s), 151.4 (s), 132.7 (s), 114,6 (s), 106.5 (d, C4), 28.6 (t, CH2). 
27.6 (t, CH2), 22.6 (t, CH2), 21.7 (t, CH^), 19.8 (q, Me); MS (FAB) 216 (M+1), 215, 
188, 154, 136. The structure was unequivocally determined by a single-crystal X-ray 
analysis. 
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f^a-y. 7.y^-7-Is nprnpenvl-3-methvl-lH-5a.6.7.8.9-pentahvdvro-l-oxopvranor4.3- 

From 1.000 g (7.93 mmol) of 5A and 1.191 g (7.93 mmol) of aldehyde (S)-27, 
1.596 g (78% yield) of 28 was obtained after column chromatographic separation; yellow 
soUds, mp 140-14rC. [a.]j^^=+3Lr (c 0.75, CHCI3); NMR 5 6.1 (s, 1 H. CIO _ 
H), 5.72 (s, 1 H, C4 H), 5.1 (dd, 7=11 Hz, 5 Hz, 1 H, C5a H), 4.75 (m, 1 H, =CH), 
4.73 (m, 1 H, =CH), 2.48 (ddd, 7=14 Hz, 4 Hz, 2.4 Hz, 1 H), 2.22-2.02 (series of m, 
3 H), 2.19 (s, 3 H, C4-Me), 1.88-1.72 (series of m, 2 H), 1.74 (s, 3 H, Me-C=), 1.31 
(ddd, 7=25 Hz, 12.8 Hz, 4 Hz, 1 H); "C NMR 5 163.4 (s, C=0), 162.6 (s, C3), 161.7 
(s, C4a), 147.9 (s, ClOa), 132.3 (s, =C), 109.8 (d, CIO), 109.6 (t, =CH2), 99.9 (d, 
C4), 97.5 (s, C9a), 79.4 (s, C5a), 43.6 (d, C7), 40.0 (t), 32.5 (t), 32.1 (t), 20.9 (q. Me), 
20.3 (q, Me); MS. FAB, m/z 259 (M-hl; 70%), 258, 257, 215, 189, 139 (100%); Anal. 
Calc. for CigHjgOj: C, 74.40; H, 7.02. Found: C, 74.17; H, 7.33. 

f5a.V.7.y^-7-Tsnpropenvl-3-n-pvridvlVl ff-5a.6.7.8.9-DCTtahvdro-l-oxopvranor4.3- 
hiriThenzopyran f29>. 

From 0.200 g (1.06 mmol) of SB and 0.160 g (1.06 mmol) of alddiyde (5)-27, 
0.221 g (65% yield) of 29 was obtained after column chromatographic separation; yellow 
soUds, mp 99-100°C. [ajp^ = +100.6" (c 0.77, CHjQz); ^H NMR 5 8.98 (d, 7 = 2 
Hz, 1 H, C2' H, Pyr.), 8.65 (dd, 7 = 4.8 Hz, 2 Hz, 1 H, C6'H), 8.07 (dt, 7 = 8 Hz, 2 
Hz, 1 H, C4'H), 7.38 (dd, 7 = 8 Hz, 4.8 Hz, 1 H, C5'H), 6.44 (s, IH, CIO H), 6.15 (s, 
1 H. C4 H), 5.17 (dd, 7 = 11.6 Hz, 5.2 Hz, 1 H, C5a H), 4.74 (m, 2 H, =CH2), 2.52 
(m, 1 H), 2.26-1.75 (a series of m, 5 H), 1.75 (s, 3 H, Me), 1.3 (m, 1 H); "C NMR 5 
162.5 (s, CI), 161.3 (s, C4a), 156.6 (s, C3), 151.2 (d, C2'), 147.6 (d, C6'), 146.7 (s, 
C=), 133.9 (s. C3'), 132.7 (d, C4'), 127.4 (s, ClOa), 123.7 (d, C5'), 109.9 (d, CIO), 
109.4 (t, =CH2), 99.8 (s, C9a), 98.4 (d, C4), 79.6 (d, C5a), 43.4 (d, C7), 39.9 (t), 32.5 
(t), 31.9 (t), 20.8 (q. Me); MS. FAB, m/z 322 (M+1, 100%), 278 (M+), 252, 202, 148, 
106. Anal. Calc. for C20H19NO3: C, 74.75; H, 5.96. Found: C, 74.48; H, 6.12. 
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7.y^-7-Isopropenvl-3-r3 .^imethoxvphenvn-lH-Sa.6.7.8.9-pentahvdro-l- 
nTnpvranor4.3 -hiri1hen7npvran (m. 

From 0.200 g (0.81 mmol) of SC and 0.121 g (0.81 mmol) of aldehyde (5)-27, 
0.193 g (63% yield) of 30 was obtained after column chromatographic separation; yellow 
soUds, mp 119-120'C. [ajp^^ = +90.4» (c 0.76, CHCI3); NMR 6 7.37 (dd, J = _ 
8.8 Hz, 2.4 Hz, 1 H, C6' H, Ph ring), 7.28 (d, J = 2.4 Hz, 1 H, CT H), 6.89 (d, J = 
8.8 Hz, 1 H, C5' H), 6.29 (s, 1 H, CIO H), 6.17 (s, I H, C4 H), 5.15 (dd, 7 = 11 Hz, 5 
Hz, 1 H, C5a H), 4.75 (m, 2H, =CH2), 3.94 (s, 3 H, OMe), 3.92 (s, 3 H, OMe), 2.52 
(ddd, J = 13 Hz, 6 Hz, 3.6 Hz, 1 H), 2.26-2.24 (a series of m, 3 H), 1.88-1.76 (m, 2 
H), 1.75 (s, 3 H, Me), 1.34 (m, 1 H); NMR 5 163.6 (s, CI), 162.1 (s, C4a), 159.7 
(s, C3), 151.6 (s, C4'), 149.4 (s, C3'), 148.0 (s, =C), 132.8 (s, CI'), 124.3 (s, ClOa), 
119.1 (d, C2'), 111.3 (d, C5'), 109.9 (d, =CH2), 109.9 (d, CIO), 108.4 (d, C6'), 98.3 
(s, C9a), 96.2 (d, C4), 79.5 (d, C5a), 56.3 (q, OMe), 56.2 (q, OMe), 43.6 (d, C7), 40.1 
(t), 32.6 (t), 32.1 (t), 20.9 (q, Me); MS. FAB, m/z 381 (M-l-1, 100%), 380 (M+). 
Anal. Calc. for C23H24O5: C, 72.61; H, 6.36. Found: C, 72.43; H, 6.17. 

3-fMeflioxvcarfaonvlmethvlVlg-5a.6.7 -8-9-pentahvdro-l-oxopvranor4.3-birnbenzopvran 
Oil. 

To a cold (-78''C) solution of 0.4 g (1.83 mmol) of pyrone lA in 10 mL of THF 
under argon was added a cold (O'C) solution of LDA [freshly prepared from 0.31 mL 
(2.2 mmol) of diisopropylamine and 1.4 mL (2.2 mmol; 1.6 M in hexane) of »-BuLi in 10 
mL of ether under argon at -lO'C for 1 h]. To the reaction solution, 0.32 mL (1.83 
mmol) of HMPA (hexamethylphosphoramide) was added, the resulting solution was stirred 
at -78*C for 3 h, and then 0.14 mL (1.83 mmol) of methyl chloroformate was added. 
After the solution was stirred at room temperature for 16 h, it was diluted with 20 mL of 
water, and extracted with 50 mL of methylene chloride. The methylene chloride ettract 
was dried QAgSO^, concentrated, and column chromatographed on silica gel using a 
gradient mixture of hexane and ether as eluant to give 0.215 g (72% yield; based on 
recovwed starting material) of 31 and 0. 165 g (41% recovery) of pyrone lA. Compound 
31: *H NMR 6 6.1 (s, 1 H, C4 H), 6.06 (s, 1 H, CIO H), 5.06 (dd, J = 11, 5 Hz, 1 H, 
C5a H), 3.81 (s, 2 H, CHj), 3.80 (s, 3 H, OMe), 2.43 (m, 1 H), 1.98-1.74 (m, 5 H), 
1.54-1.3 (m, 2 H); "C NMR 5 165.2 (s, C=0), 162.3 (s, C=0), 161.4 (s, C3), 153.8 
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(s, C4a), 134.7 (s, ClOa), 108.9 (d, CIO), 102.6 (d, C4), 99.5 (s, C9a), 80.1 (s, C5a), 
56.0 (q, OMe), 53.6 (t, CHj), 35.3 (t), 33.3 (t), 27.0 (t), 24.5 (t). 

Wrariioxvlniethvn-lg-5a .fi.7.8.9-T)entahvdro-l-oxoDvranor4.3-birnbenzopvran (3Z\. 

A solution of 0.08 g (0.29 mmol) of ester 31 and 0.033 g (0.58 mmol) of KOH in. 
4 mL of THF-H2O (1:3) was stirred at 40°C for 30 h, cooled to room temperature, 
diluted with 30 raL of distilled water, and extiracted with 40 mL of diethyl ether and then 
with 40 mL of methylene chloride. The combined extracts were washed with 30 mL of 
water, and with 30 mL of brine, dried (MgSO^, concentrated to give 20.5 mg (26% 
recovery) of starting material 31. The combined aqueous layers were acidified with 1 N 
HCl, and extracted three times with 50 mL-portion of methylene chloride. The combined 
extract was washed twice with water (40 mL each), with 40 mL of brine, dried (MgS04), 
concentrated to give 32.5 mg (58% yield; based on recovered starting material) of 32. *H 
NMR 6 6.8 (broad s, 1 H, OH), 6.04 (s, 1 H, CIO H), 5.96 (s, 1 H, C4 H), 5.07 (dd, J 
= 11, 5 Hz, 1 H, C5a H), 3.51 (s, 2 H, CHj), 2.42 (dd, / = 14 Hz, 2 Hz. 1 H), 2.2-1.7 
(m, 5H), 1.5-1.2 (m, 2 H). 

1.8-Di-(3-rig-5a.6.7.8.9-pe ntahvdro-l-oxopvranor4.3-birnbenzoDvranvn)-2.7-octanedione 

The reaction conditions are similar to those of the preparation of 31. From 0.40 g 
(1.83 mmol) of pyrone lA, 2.2 mmol of LDA, 1.83 mmol of HMPA, and 0.13 mL (0.5 
equiv.; 0.9 mmol) of adipoyl chloride in 10 mL of THF and 10 mL of ether gave 0.091 g 
(38% yield; based on recovered starting matmal) of 33 and 0.18 g (45% recovery) of 
starting material lA after column chromatography. 

Compound 33: Mp. 161-162'C; ^H NMR 6 6.39 (s, 2 H, =CH of enol of tiie side 
chain), 6.07 (s, 2 H, CIO H), 5.64 (s, 2 H, C4 H), 5.04 (dd, 7 - 11, 5 Hz, 2 H, C5a H), 
2.6-1.3 (m, 24 H); "C NMR 5 170.4 (s, C-0 of enol), 162.9 (s, C=0), 161.6 (s, C3), 
156.1 (d. =CH of enol), 154.7 (s, C4a), 134.6 (s, ClOa), 109.3 an 109.2 (d, CIO), 102.3 
(d, C4), 99.4 (s, C9a), 79.8 (s, C5a), 35.3 (t), 34.6 (t), 33.3 (t). 28.9 (t), 27.0 (t), 24.6 
(t), 22.8 (t). 
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(^a.y7.y^-7-r2-n-Hvdroxvpr q^vni-3-methvl-lg-5a.6.7.8.9-Dentahvdro-l-oxoDvranor4.3- 
^TlfllhenTopvran f34'>. 

To a cold (-20*'C) solution of 0. 10 g (0.39 mmol) of pyrone 28 in 3 mL of THF 
under argon was added a solution of 0.39 mL (0.39 mmol) of BH3 THF (1.0 M in THF). 
After the solution was stirred at -20°C for 1 h, and -IS^C for 1 h, 2 mL of 1% aqueous _ 
NaOH and 1.5 mL of 30% HjOj were added, and resulting solution was stirred at 25" C 
for 3 h. The reaction mixture was diluted wiUi 20 mL of distilled water, extracted three 
times with metiiylrae chloride (40, 30, and 20 mL), and tiie combined extracts were 
washed witii 30 mL of brine, dried (MgSO^), concentrated, and column chromatographed 
on silica gel using a gradient mixture of hexane and ether as eluant to give 0.074 g (69% 
yield) of alcohols 34 as a 1:1 mixture of two diastereomers at C-12: NMR 5 6.05 (s, 1 
H, CIO H), 5.72 (s, 1 H, C4 H), 5.07 (m, 1 H, C5a H), 3.58 (ddd, 7 = 11 Hz, 6 Hz, 3 
Hz, 1 H, CHO), 3.54 (dd, J = 11 Hz, 6 Hz, 1 H, CHO), 2.46 (d, 7 = 12 Hz, 1 H), 
2.19 (s, 3 H, Me), 2.18-1.3 (series of m, 7 H), 0.906 (d, J = 6.8 Hz, 3 H, Me), 0.902 
(d, J = 6.8 Hz, 3 H, Me); NMR 5 163.5 (s, C=0), 162.8 (s, C3), 161.6 (s, C4a), 
133.0 (s, ClOa), 109.1 (d, CIO), 100.0 (d, C4), 97.5 (s, C9a), 79.8 and 79.7 (s, C5a; 2 
isomers), 65.71 and 65.69 (t, CH2O, 2 isomers), 40.1 and 39.4 (t), 37.4, 37.3, 37.0, 
32.5, 32.4, 31.2, 28.6, 20.2 (q. Me), 13.3 and 13.2 (q, Me). 

f5a.y.7.y^-7-ri-rFormvnethy1'>1-3-methvl- 1ff-5a.6.7.8.9-oentahvdro-l-oxopvranor4.3- 

hinibenzopv ran (35). 

A solution of 0.07 g (0.25 mmol) of alcohols 34 and 0.16 g (0.38 mmol) of 1,1,1- 
triacetoxy-l,l-dihydro-l,2-benziodoxol-3(lH)-one in 4 mL of methylene chloride was 
stirred at 25''C under argon for 48 h. The mixture was filtered through Celite, washed 
witii 50 mL of metiiylene chloride, and the filti^ite was concentirated and colunrn 
chromatographed on silica gel using a gradient mixture of hexane and ether as eluant to 
give 0.060 g (87% yield) of tiie desired aldehyde 35 as a mixture of two diastereomers; 
1:1 Cmdicated by proton and carbon NMR spectra). ^H NMR 5 9.68 (d, J = 0.8 Hz, 1 

H, CHO), 6.09 (s, 1 H, CIO H), 5.71 (s, 1 H, C4 H), 5.1 (m, 1 H, C5a H), 2.47 (d, J 
= 12 Hz, 1 H), 2.35 (m, 1 H, C12 H), 2,19 (s. 3 H, Me), 2.18-1.2 (series of m, 6 H), 

I. 10 (d, 7 = 6.8 Hz, 3 H, Me); " C NMR 5 204.14 and 204.1 (d, CHO), 163.29 and 
163.27 (s, C=0), 162.5 (s, C3), 161.8 (s, C4a), 141.7 (s, ClOa), 109.9 (d, CIO), 99.8 
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(d, C4), 97.4 (s, C9a), 79.03 and 78.9 (s, C5a; 2 isomers), 50.79 and 50.73, 39.2 (t), 
37.3, 36.3 and 36.2, 32.2 and 32.1, 31.2, 29.2, 20.2 (q. Me), 10.2 and 10.1 (q. Me). 

r5aS.75.105^-7-r2-ri-Hvdroxypropvni-10-h vdroxv-3-f3.4-dimethoxvphenvn-lg- 
5a.fi.7.8.9.9a- 10-heotahvdro-l-oxopvran or4.3-birnbenzopvran (3S\. 

To a cold (-20''C) solution of 0.120 g (0.31 mmol) of pyrone 30 in 5 mL of THF 
und» argon was added 1 mL (1 mol) of BH3 THF (1 M in THF). After the solution was 
stirred at -20''C for 30 min., O'C for 2 h, and 25 'C for 12, h, 2 mL of 1 % NaOH and 2 
mL of 30% H2O2 were added, and the resulting solution was stirred at room temperature 
for 3 h. The reaction solution was diluted with 20 mL of distilled water, extracted three 
times with methylene chloride (40, 30 and 20 mL), and the combined extract was washed 
with 40 mL of brine, dried (MgSO^), concentrated, and column chromatographed on silica 
gd using hexane, ether, and ethyl acetate as eluants to give 0.021 g (16% yield) of diol 36 
as a 1:1 mixture of two diastereomers at Cll: [a]i,^^= -7.4° (c = 0.68, CHCI3); 
NMR 6 7.39 (dd, J = 8.8 Hz, 2.4 Hz, 1 H, C6' H, Ph ring), 7.28 (d, J = 2,4 Hz, 1 H, 
C2' H), 6.91 (d, J = 8.8 Hz, 1 H, C5' H), 6.33 and 6.328 (two s, 1 H, CIO H; 2 
isomers), 4.73 (dd, 7 = 9 Hz, 3.3 Hz, 1 H, C5a H), 4.5 (m, 1 H, CIO H), 4.34 (broad s, 
1 H, OH), 3.95 (s, 3 H, OMe), 3.93 (s, 3 H, OMe), 3.6 (m, 2H, CHjO), 2.3-2.17 (m, 2 
H), 1.85-1.3 (a series of m, 7 H), 0.92 and 0.91 (2 d, 7 = 7 Hz, 3 H, Me; 2 
diastereomers); "C NMR 8 165.0 (s, CI), 164.5 (s, C4a), 151.8 (s, C3), 149.5 (s, C4'), 
142 (s, C3'), 124.0 (s, CI'), 119.3 (s, ClOa), 111.3 (d, C2'). 108.5 (d, C5'), 100.3 (d, 
C6'), 97.1 (d, C4), 66.1, 66.1, 56.4 (q, OMe), 56.3 (q, OMe), 39.7, 38.3 , 38.2, 31.9, 
24.6. 13.8 (q, Me). 

f5a.y.7.y.l05:^-7-r2-fl-PentanovloxvDroov ni-10-hvdroxv-3-f3.4-dimetiioxvDhenvn-lH- 
5a.6.7.8.9.9a. 10-heptahvdro-l-oxopvra nor4.3-birnbenzopvran (37). 

A solution of 0.014 g (0.034 mmol) of alcohol 36, 4 mg (0.034 mmol) of valeryl 
chloride, and 0.03 mL (0.34 mmol) of pyridine in 1 mL of metiiylene chloride was stirred 
under argon at room temperahffe for 14 h. A solution of 7 mg of valeryl chloride in 0.2 
mL of methylene chloride was added and the solution was stirred at 50°C for 20 h. The 
progress of the reaction was monitored by TLC, and 0.015 g of veleryl chloride was 
added. After 10 min of stirring, flie reaction was quenched by adding 20 mL of 
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methylene chloride, washed with IS mL of saturated aqueous NaHCOj. The aqueous 
layer was extracted twice with methylene chloride (15 and 10 niL). The combined 
extracts were washed with 20 mL of brine, dried (MgS04), concentrated and column 
chromatographed on alica gel u»ng a gradient mixture of hexane and ether as duant to 
give 9 mg (53% yield) of ester 37 as a 1:1 mixture of 2 diastereomers at CI 1 (A & B); _ 
*H NMR 8 7.44 (dd, J = 8.4 Hz, 2 Hz, 1 H, C6' H, Ph ring; isomer A), 7.41 (dd, J = 
8.4 Hz, 2 Hz, 1 H, C6' H, Ph ring; isomer B), 7.32 (d, J = 8.4 Hz, 1 H, C5' H), 6.39 
and 6.27 (two s, 1 H, CIO H; 2 isomers), 5.84 (broad s, 1 H, OH of A), 5.75 (broad s, 1 

H, OH of B), 4.45 (m, 1 H, C5aH), 4.32 (m, 1 H, CIO H), 4.06-3.99 (m, 2 H, CHjO), 
3.96 (s, 3 H, OMe of A), 3.95 (s, 3 H, OMe of B), 3.94 (s, 6 H, 2 OMe of A & B), 2.4- 

I. 0 (a series of m, 15 H), 0.96-0.90 (t & d, 6 H, 2 Me; 2 diastereomers). 

(5a.y*.9a.y*. 10.y^-9a. 10-Eooxv-3-f3-ovridyn-lg-5a.6.7.8.9.9a. 10-heptahydro-l- 
oxopyranor4.3-birnben7 npyran (38A^ and 

f5a.y*.9aJ?*.inff-^-9a.lQ-Dihvdroxv-3-r3- pvridvlVlg-5a.6.7.8.9.9a.lO-heptahvdro-l- 
oyo pyranor4.3-birnben 7.npvran (388). 

To a cold (0°C) solution of 90 mg (0.3 mmol) of pyrone 2A in S mL of methylene 
chloride under argon was added 0.3 mL (0.3 mmol) of a solution of HCl in ether (1 M). 
The solution was stirred for 10 min., warmed to room temperature and 0.102 g (0.32 
mmol) of m-chloroperbenzoic acid (MCPBA; 55% pure) was added. Afto- two hours of 
stirring, the mixture was neutralized with 1 M aqueous NaOH, and extracted with 20 mL 
of CHjClj. The extract was dried (MgS04), concentrated and column chromatographed 
on silica gel using ether as eluant to give 7 mg (7% yield) of epoxide 38 A and 29 mg 
(30% yield) of dihydroxide 38B. 

Compound 38A: ^H NMR 5 9.03 (s, 1 H, C2' H, Pyr.), 8.7 (s, 1 H, C6' H), 8.13 (dt, J 
= 8 Hz, 2 Hz, 1 H. C4' H), 7.42 (dd, / = 8 Hz, 4.9 Hz, 1 H, C5' H), 6.51 (s, 1 H, C4 
H), 5.11 (s, 1 H, CIO H), 4.52 (dd, J = 12 Hz, 5 Hz, 1 H, C5a H), 2.43 (m, 1 H), 
2. 15-1 .4 (a series of m, 7 H). 



Compound 38B: 'H NMR 5 9.03 (s, 1 H, C2' H, Pyr.), 8.72 (s, 1 H. C6' H), 8.14 (dt, 
J = 8 Hz, 2 Hz, 1 H, C4' H), 7.42 (dd, 7 = 8 Hz, 4.9 Hz, 1 H, C5' H), 6.51 (s, 1 H, 
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C4 H), 5.04 (s, 1 H, CIO H), 4.81 (s, 1 H, C5a H), 2.3-1.2 (a series of m, 8 H). MS 
(FAB)m/z: 316 (M+1). 

r5R.fiSV2.6-d^ methvl-fvrm-^-iod(v2-propenvn-5-isopropenvl-2K;vclohexe 

To a cold (-40'*C) solution of 46 mL (21 mmol) of LDA (prepared as mentioned _ 
above from 2.9 mL of diisopropylamine and 13 mL of n-BuLi in 30 mL of THF) under 
argon was added a solution of 1.69 g (10.3 mmol) of (5R,6S)-2,6-dimethyl-5-isopropenyl- 
2-cyclohexen-l-one in 30 mL of etiier was added via cannula, an the resulting solution 
was stirred at O'C for 45 min. To it, 1.8 mL (10 mmol) of HMPA was added, stirred at 
the same temperature for 4 hours, and a solution of 5.68 g (22 mmol) of (c«-3-iodo-2- 
propenyl) methanesulfonate (40)^ in 30 mL of etiier was added. After stirring at room 
temperature for 12 hours, tiie reaction mixture was poured into an aqueous solution of 
NaHCOj, extracted tiiree times with etiier, and the combined extracts were washed witii 
brine, dried QAgSO^, and concentiated. The residue was column chromatographed on 
silica gel using a hexanetmetiiylene chloride (3:2) as eluant to give 2.48 g (73% yield) of 
41 and 0.237 g (14% recovery) of the starting material. 

Compound 41: [a]D^=-31.9» (c = 1.5, CHCI3); NMR 5 6.63 (m, 1 H, C3 H), 6.3 
(dt, 7 = 8 Hz, 1.6 Hz, 1 H, =CH-I), 6.12 (dt, J = 8 Hz, 6.4 Hz, 1 H, =CH), 4.83 (s, 
1 H, =CH2), 4.74 (s, 1 H, =CH2), 2.7-2.3 (a series of m, 5 H), 1.79 (s, 3 H, =C-Me), 
1.65 (s, 3 H, =C-Me), 1.09 (s, 3 H, Me); "C NMR 5 203.4 (s, CI), 145.8 (s, =C), 
142.4 (d, =CH), 137.7 (d, =CH), 134.2 (s, =C), 114.8 (t, =CH2), 84.9 (d, CH-I), 50.5 
(d, C5), 48.0 (s, C6), 42.8 (t), 29.2 (t), 22.5 (q, Me), 19.3 (q. Me), 16.6 (q. Me). 

r4aS.5R.8aSVMftthvl-fim.l-Oxo-4.4a.5.8. 8a-pentahvdro-2.5.8a-trimethvlnaphtiialene-5- 
acetate (41S apri aaS.5S.8aSVMethvl-nm-l -OxQ-4.4a.S.8.8a-pentahvdro-2.5.8a-trimeti^vl- 
naphthalene-5-acetate (47). 

A mixtiu-e of 0.387 g (1.72 mmol) of Pd(0Ac)2 and 0.904 g (3.44 mmol of Ph3P 
in 10 mL of DMF under argon was stirred at room temperature for one hour. To it, a 
solution of 0.569 g (1.72 mmol) of iodide 41 in 10 mL of DMF was added via cannula, 
and tiie mixhire was stirred at 32*C for 30 min. After 10 mL of MeOH was added, tiie 
mixtiire was maintained under 1 atinosphere of CO (a CO balloon was used), and 0.476 g 
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(1.72 ramol) for AgjCOj was added. After stirring at 32'C for 15 hours, the mixture 
was cooled to room temperature, filtered, washed the solids with methylene chloride, and 
the filtrate was concnitrated. The residue was dissolved in either and washed with brined, 
dried (MSSO4), concentrated, and column chromatographed on silica gel using a 
hexane:ether (10:1) as eluaht to give 0.332 g (73% yield) of a mixture of 2.2:1 of 42 and . 
47. 

Pure compound 47: NMR 5 6.77 (m, 1 H, C3 H), 5.68 (ddd, / = 10 Hz, 5.6 Hz, 2 
Hz, 1 H, C7 H), 5.56 (dd, 7 = 10 Hz, 2 Hz, 1 H, C6 H), 3.67 (s, 3 H, OMe), 2.62 (d, 
7 = 13 Hz, 1 H, CH2CO2), 2.36 (m, 1 H), 2.31 (d, 7 = 13 Hz, 1 H, CHjCOj), 2.28 
(m, 2 H), 2.14 (d, 7 = 18 Hz, 1 H, C8 H), 2.02 (dd, 7 = 11 Hz, 5 Hz, 1 H, C4a H), 
1.77 (s, 3H, =C-Me), 1.21 (s, 3 H, C5-Me), 1.10 (s, 3 H, C8a-Me). 

Compound 42 [from a mixture of 42 (major) and 47 (minor)]: ^H NMR 6 6.77 (m, 1 H, 
C3 H), 5.68 (m, 1 H, C7 H), 5.53 (dd, 7 = 10 Hz, 2 Hz, 1 H, C6 H), 3.62 (s, 3 H, 
OMe), 2.62 (d, 7 - 13 Hz, 1 H, CHjCOj), 238-2.26 (a series of m, 4 H), 2.12 (d, 7 = 
18 Hz, 1 H, C8 H), 2.01 (dd, 7 = 11 Hz, 5 Hz, 1 H, C4a H), 1.77 (s, 3 H, =C-Me), 
1.12 (s, 3 H, C5-Me), 1.07 (s, 3 H, C8a-Me); ^^C NMR 5 [a mixture of 42 (designated 
as A) and 47 (designated as B) 204.5 (s, CI, A), 204.47 (s, CI, B), 172.5 (s, C2, A), 
171.8 (s, C2, B), 143.7 (d), 134.8 (s), 133.8 (s), 133.7 (s), 133.4 (d. A), 132.5 (d, B), 
123.7 (d. A), 123.5 (d, B), 51.5, 51.45, 48.0, 47.2, 46.9, 44.3, 44.1, 43.6, 41.7, 38.1, 
36.7, 33.7, 33.1, 28.4, 24.3, 23.9, 23.8, 18.0, 17.99, 16.43 (q. A), 16.41 (q, B). 

f4aS.8aSWim-1-Oxo-4.4a.5.8.8a-pentahvdro-2.5.8a- trimethvlnaphthalene-5-acetic acid 
my. a mixture nf 9. of 5R and 5SV 

A solution of 0.127 g (0.48 mmol) of methyl esters 42 and 47 (2.2:1) and 90 mg 
(1.6 mmol) of KOH in 0,5 mL of water and 2 mL of MeOH was stirred at room 
temperature for 22 hours. The solution was acidified with 1 N aqueous HCl, extrated 
three times with CHjClj, and the combined extract was washed with brine, dried 
(MgS04), concentrated, and column chromatographed on silica gel using hexane:ether 
(1: 1) as eluant to give 0. 1 16 g (96% yield) of the acids 43 as a mixture of 2 isoma-s at 
C5. 
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Compounds 43: NMR 5 6.79 (m. 1 H, C3 H), 5.74-5.6 (m, 1 H, C7 H), 5.57 (dd, J 
= 10 Hz, 2 Hz, 1 H, C6 H), 2,64 (d, 7 = 13 Hz, 1 H, CHjCOj), 2.42-2.2 (a series of 
m, 4 H), 2.16 (d, 7 = 18 Hz, 1 H, C8 H), 2.05 (dd, / = 11 Hz, 5 Hz, 1 H, C4a H), 
1.77 (s, 3 H, =C-Me), 1.24 (s, 3 H, iCS-Me of minor isomer), 1.15 (s, 3 H, C5-Me of 
major isomer), 1.11 (s, 3 H, C8a-Me of minor isomer), 1.08 (s, 3 H, C8a-Me of major _ 
isomer); ^'C NMR 5 [a mixture of the a-isomer (major) (designated as A) and P-isomer 
(minor) (designated as B) 204.75 (s, CI, A), 204.55 (s, CI, B), 178.4 (s, C2, B), 177.5 
(s, C2, A), 143.9 (d. A), 143.84 (d. B), 133.9 (B), 133.8 (A), 133.0 (A). 132.2 (B), 
124,2 (A), 123.9 (B), 48.1,46.8, 44.4, 44.2, 43.6, 41.8, 38.2, 36.6, 33.8, 33.1, 28.4, 
24.4, 24.0, 23.9, 18.1, 16.51 (q. A), 16.49 (q, B). 

f1.<S 4a.<;.8a55Vrim-l-r2-fl-3-dithianvm- l-hvdroxv-4.4a.5.8.8a-pentahvdro-2.5.8a- 
trimethvlnap hthalene-5-acetic acid (44^ 

To a cold (O^Q solution of 0.116 g of 1,3-dithiane (9) in 4 mL of THF under 
argon was added 0.6 mL (0.97 mmol) of n-BuLi (1.6 M in hexane). After the solution 
was stirred at -10°C for two hours, a solution of 0.080 g (0.32 mmol) of enone 43 in 1 
mL of THF was added via cannula. The solution was stirred at room temperature for 16 
hours, diluted with 20 mL of water and 5 mL of 6 N HCl, and extracted three times with 
40 mL portion of methylwie chloride. The combined extract was washed with 30 mL of 
water, and 30 mL of brined, dried (MgS04), conc«itrated and column chromatographed 
on silica gel using a gradient mixture of hexane and diethyl ether as eluant to give a good 
yield of 44. 'h NMR (CDCI3) 5 5.75 (m, 1 H, C7 H), 5.6 (broad s, 1 H, C3 H), 5.58 
(dd, 7 = 10 Hz, 2 Hz, 1 H, C6 H), 4.57 (s, 1 H, CH-S), 2.9-2.6 (m, 4 H, CH2S), 2.41 
(d, y = 14 Hz, 1 H, CH2CO2H), 2.25 (d, 7 = 14 Hz, 1 H, C^CO^, 2.3-1.2 (a series 
of m, 7 H), 1.83 (s, 3 H, =CCH3), 1.08 (s, 3 H, Me), 1.01 (s, 3 H, Me). 

Biological Studies 

Acetylcholinesterase Assay and Inhibition Kinetics: Tricyclic pyrones of this invention 
were tested for inhibition of AChE. The activities of electric eel acetylcholinesterase (EC 
3.1.1.7, Sigma Chemical Co., St. Louis, MO), and fetal bovine serum 
acetyldiolinesterase (Ralston, J.S. et al. (1985), "Acetylcholinestaase from Fetal Bovine 
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Serum,** J, BioL Chem. 260:4312-4318) were determined colorimetrically by the method 
of EUman (EUman, G.L. et al, (1961), "A new and rapid colorimetric determination of 
acetylcholinesterase activity," Biochem. Pharmacol. 7:88-95) as described by Main et al. 
(Main, A.R. et al, (1974), "Purification of cholinesterase from horse serum," Biochem. J. 
(1974) 143:733-744) • Reactions were carried out at 30**C in 0.1 M sodium phosphate 
buffer at pH 8.0 in the presence of 10"'' acetylthiocholine and 3.3 x 10"* M 3-carboxy-4- 
nitrophenyl disulfide, Aliquots of incubating mixtures containing enzyme alone, or 
CTzyme in the presence of each carbamate, were withdrawn at selected time intervals and 
assayed for enzyme activity in order to obtain kinetic data. From the kinetic data, 
inhibition and bimolecular rate constants were calculated by the equation: 

1 _ 1 ^ -^r _ 1 

in which k^^ is the pseudo-first-order rate constant. The bimolecular rate constant (^') is 
equal to kj/Kp. All the tricyclic pyrones are inactive against butyrylcholinesterase 
(BChE), BChE does not affect the formation of Ap. The AChE inhibitory data of 
various tricyclic pyrones are summarized in Table 3. The inhibition of Ki of the tricyclic 
pyrones are in the /xM range; while tacrine, an art-known AChE inhibitor, is in the nM 
range. 

Table 3 

The AChE inhibition constant Ki of various tricyclic pyrones 



Tricyclic Pyrones 


KiOxM) ± std. error 


lA 


7 ± 1.2 


IB 


20 ± 5.8 


ID 


5 ± 1.7 


2B 


8 ± 2.3 


2D 


26 ± 2.3 


3A 


23 + 3.5 


3B 


4 ± 0.6 


3D 


15 ± 5.8 


tacrine 


1 nM 
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Inhibition of liver and intestinal microsomal ACAT activity: Several synthesized 
tricyclic pyrones were tested for their inhibition of liver and intestinal microsomal ACAT 
along with pyripyropene A and CP-1 13,818 (as control) (Marzetta, C.A, et al. (1994), 
5 "Pharmacological properties of a novel ACAT inhibitor (CP-1 13,818) in cholesterol-fed , 
rats, hamsters, rabbits, and monkeys," J. Lipid Res, 35:1829-1838). Microsomes were 
prepared from liver and intestinal mucosal scrapings by sequential centrifugation and in 
vitro ACAT activity assays were done according to the method of Billheimer (Billheimer, 
J,T. (1985), "Cholesterol acyltransferase," In Methods in Enzymology 111:286-293). 

10 Briefly, 100 fig microsomal protein, 22 /xg BSA, and 52 nmol cholesterol and the 

synthesized drug in 5 /iL DMSO were preincubated for 30 minutes at 37°C in a phosphate 
buffer (200 /iL total volume). After 30 minutes, 1 nmol [^"^CJoleoyl-CoA was added as 
substrate and incubated for an additional 20 minutes. The reaction was stopped with the 
addition of 1 mL ethanol and lipids were extracted with hexane. Cholesteryl [^^C]oleate 

15 formation was quantified by thin-layer chromatography and data are expressed as percent 
inhibition of ACAT activity (pmol/ftg protein per minute) compared to a control sample 
incubated with no drug. All samples were run in duplicate. Using the literature IC5Q 
value of pyripyropene of 58 nM as standard, it was found that IC5Q values for 2A, 3A, 
and ID are 50 /iM, 63 ^M, and 52 ^tM, respectively. 



20 
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Table 4 

The Inhibition of ACAT by tricyclic pyrones and CP-113,818. 



Compound 


Concentration 


% Inhibition 


7A 


100 iiM 


3.3 




50 pM 


1.9 


26 


100 ptM 


13.7 




50 mM 


2.7 




100 fiM 


11.4 




50;*M 


9.7 


1 


100 uM 


52.4 




SO/iM 


36.8 




100 uM 


21.9 




50 mM 


13.3 


29 


100 /xM 


39 




50 mM 


21 


28 


100 mM 


30 




50 mM 


17 


32 


100 mM 


7.9 




50 /tM 


10.3 


33 


100 /xM 


76 




50 mM 


57 


1 CP-113,818 


44 nM 


42.5 



Inhibition of DNA Synthesis: Tricyclic pyrone derivatives of this invention were tested 
for their ability to prevent L1210 leukemic cells from synthesizing DNA and growing in 
vitro. At 50 /xM, a pyripyropene analog, 22, has no effect, whereas four pentahydro-3- 
aryH-oxopyrano[4,3-b][llbenzopyrans all inhibit DNA synthesis by 79-91% and tumor 
cell growth by 93-100%. These inhibitory effects are concentration-dependent with IC50 
around 8.5 yM for DNA synthesis at 2 h and 1.1 /iM for tumor cell growth at 4 days. 
The aryl groups of the antitumor agents tested are either 3,4-dimethoxyphenyl or 3- 
pyridyl. Introduction of a methyl group at C5a and a formyloxy or hydroxy group at C6 
does not alter the antitumor effects of the 3,4-dimethoxyphenyl benzopyrans but reduces 
those of the 3-pyridyl benzopyrans, which, at 50 fiM inhibit DNA synthesis by only 32- 
49% and fail to alter tumor ceU growth. The 4-hydroxy-6-(3-pyridyl)-2-pyrone (SB) has 
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no effect and the tricyclic pyrones lacking aryl groups (e.g., lA-lE) have less inhibitory 
effect on DNA synthesis, suggesting that a greater conjugation is required for the 
antitumor activity. The tricyclic pyrones also inhibit to a similar degree other 
macromolecule synthesis, e.g., RNA and protein synthesis. The 3,4-dimethoxyphenyl 
substituted tricyclic pyrone 3A being a more potent inhibitor of macromolecule synthesis 
than the 3-pyridyl substituted tricyclic pyrone 2A. Additionally, the tricyclic pyrones 
inhibit the growth of EMT6 mammary carcinoma cells and MCF-7 human breast cancer 
cells. However, in both these systems, tricyclic pyrone 2A has a greater inhibitory effect 
than tricyclic pyrone 3A. This lack of correlation between the ability of tricyclic pyrones 
to inhibit tumor cell growth and macromolecular synthesis suggests that other 
macromolecular targets may be involved in the antitumor action of these drugs. 

Inhibition of Tubulin Polymerization: 

Tricyclic pyrone derivatives of this invention were tested for their ability to prevent 
tubulin polymerization. It was found that 2A completely inhibits tubulin polymerization 
and, therefore, works as a novel microtubule (MT) de-stabilizing drug. The ability of 2A 
to disrupt MT dynamics suggests that the anticancer activity of tricyclic pyrones may be 
cell cycle-specific. These anticancer drugs are therefore useful for arresting mammalian 
cells in mitosis. Tricyclic pyrones that can selectively disrupt MT dynamics and block the 
M-phase of the cell cycle have great therapeutic value. 

Tubulin is a labile protein, which is unstable below 80 mM PIPES, should not be 
exposed to pH values less than 6.8 or greater than 7.0, and will not polymerize in the 
presOTce of Ca^"^. GTP and Mg^"*" are necessary for tubulin nativity and glycerol 
stabilizes tubulin and lowers the initial concentration required to initiate polymerization. 

The ability of 2A to alter the polymerization of pure tubulin in a cell-free system in 
vitro was analyzed using the assay kit purchased from Cytoskeleton (Dwiver, CO). The 
polymerization reaction contained, in a final volume of 200 fil, tubulin protein from 
bovine brain (2.5 mg/ml), 80 mM PIPES buffer, pH 6,8, 1 mM MgCl2, 1 mM EGTA, 1 
mM GTP and 10% glycerol. Compound 2A was added in 2 fil of DMSOrtubulin buffer 
(40:60) to obtain a final concentration of 25 ;*M. This vehicle did not affect the rate of 
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tubulin polymerization in drug-untreated control reactions. Samples were incubated at 
35**C in quartz microcells and the rate of tubulin polymerization was followed over 20 
min by measuring the increased absorbance of the solution at 003^^^^^, using a Shimadzu 
UV-160 spectrophotometer equipped with dual-beam optics and a thermostatically- 
controlled cell holder. 

Figures 14A-B show the three typical phases of MT polymerization normally 
occurring in vehicle-treated control samples. The lag phase I is necessary to create 
nucleation sites (small tubulin oligomers) from which longer MT polymers can form. The 
growtii phase n reflects tiie rapid increase in the ratio of MT assembly: disassembly 
occurring under those experimental conditions. And the steady phase in is established 
when the residual concentration of free tubulin heterodimer becomes equal to the critical 
concentration required to initiate polymerization. One unit of tubulin is defined as 5 mg 
of purified protein. When tubulin at a concentration of 1 unit (5 mg)/ml is incubated at 
35^C for 30 min. in tiie presence of 80 mM PIPES, pH 6.8, 1 mM MgCl2, 1 mM EGTA, 
1 mM GTP and 10% glycerol, the 0034^^^ increases from 0.0 to LO, which indicates 
that about 97% of tubulin has polymerized to form a total MT polymer mass of 4.8 
mg/ml. An increase in OD of 0.2 is roughly equal to a MT polymer mass of 1 mg/mL 
The kinetics of MT polymerization in Figure 14A, therefore, appear consistent witii the 
initial concentration of 2.5 mg tubulin/ml used in our control assay. In contrast, no 
significant MT polymerization can be detected in the presence of 25 ^M of 2A in Figure 
14B. 

Materials and Methods 

All solutions of tricyclic pyrone analogs were dissolved and diluted in 100% 
ethanol (ETOH), whereas CPT (Sigma Chemical Co., St. Louis, MO) solutions were 
prepared in 100% dimetiiyl sulfoxide (DMSO). Murine L1210 lymphoblastic leukemia 
cells, obtained from the American Type Culture Collection (Rockville, MD), were 
maintained in continuous exponential growtfi by twice-a-week passage in RPMI 1640 
medium supplemented with 7.5% fortified bovine calf serum (HyClone Laboratories, Inc., 
Logan, UT), The cultures were incubated at 37**C in a humidified atmosphere containing 
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5% CO2. All drugs were supplemented to the culture medium in 1- or 2 fil aliquots. The 
concentration of vehicle in the final incubation volume never exceeded 0.2-0.4%. Such 
low concentrations of EtOH or DMSO do not affect the rates of DNA synthesis and 
growth in L1210 cells. Control cells incubated in the absence of drugs were similarly 
treated with vehicle only and, in every experiment, all incubates received the same volume 
of solvent. 

For DNA synthesis, L1210 cells were resuspended in fresh serum-free RPMI 1640 
medium at a density of about 2.5 x 10^ cells/0.5 ml. The cells were incubated at 3TC 
for 90 min in the presence or absence of drugs and then pulse-labeled for an additional 30 
min with 1 /iCi of [methyl-^H]thymidine (51 Ci/mmol; Amersham Corp., Arlington 
Heights, IL). The incubations were terminated by the addition of 0.5 ml of 10% 
trichloroacetic acid (TCA). After holding on ice for 15 min, the acid-insoluble material 
was recovered over Whatman GF/A glass microfibre filters and washed thrice with 2 ml 
of 5% TCA.and twice with 2 ml of 100% EtOH. After drying the filters, the 
radioactivity bound to the acid-precipitable material was determined by liquid scintillation 
counting in 10 ml of Bio-Safe NA (Research Products International Corp., Mount Pros- 
pect, IL). 

For tumor cell growth, L1210 cells were resuspended in fresh serum-containing 
RPNQ 1640 medium, plated at an initial density of 1 x 10"* cells/0.5 ml, and incubated in 
48-well Costar cell culture plates (Costar, Cambridge, MA). Cells were grown for 4 days 
in the presence or absence of drugs and their density was monitored every 24 h using a 
Coulter counter (Coulter Electronics, Ltd., Luton Beds, England). Data of all in vitro 
experiments were analyzed using Student's r-test with the level of significance set at 
P<0.05. 

The known anticancer drug CPT inhibits the incorporation of ^H-thynudine into 
DNA in a concentration-dependent manner (Fig. 1). When tested at 25 ftM, the new 
agent 3A inhibits DNA synthesis in L1210 cells by 62% but 22, 2D & 2E and 5B have no 
significant effects (Fig. 1). However. 2D & 2E can inhibit DNA synthesis by 49% at 50 
fiM (Fig. 2). In contrast, 22 and SB remain ineffective even at this higher concentration 
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(Fig. 2). Overall, four of the newly synthesized compounds can prevent leukemic cells 
from synthesizing DNA, Indeed, 50 iiM 3A, 3D & 3E, 2A and 3B & 3C inhibit DNA 
synthesis in L1210 cells by 79-91%, an effect comparable to that of 20 fiM CPT (Fig. 2). 
Besides 2D & 2E, which is a moderate inhibitor, the three remaining new compounds 
tested have very weak inhibitory effects on DNA synthesis in LI210 cells. At 50 /xM, 2B. 
& 2C, lA, and ID & IE inhibit this DNA response by only 17-32% (Fig. 2). 

Although less potent than CPT, 3A and 2A both inhibit the DNA response of L1210 
cells in the same concentration-dependent manner (Figs. 3 and 4). In this L1210 system 
in vitro, the concentration of 3 A or 2 A that inhibits DNA synthesis by 50% (IC5Q) is about 
8,5 /iM, whereas that of CPT is about 0.65 fiM (Figs. 3 and 4). 

The ability of several of the new tricyclic pyrone analogs to inhibit the growth of 
L1210 cells in culture was assessed and compared to that of CPT (Figs. 5 and 6), Over a 
4-day period, there is a 50-fold increase in the number of control cells grown in the 
absence of drugs (Fig. 5). Since 22 and 5B fail to inhibit DNA synthesis (Fig. 2), their 
ability to alter L1210 cell growth has not been tested. It should be noted that 50 fiM 2D 
and 2E and 2B and 2C, which inhibit the DNA response of L1210 cells by 31-49% (Fig. 
2), cannot inhibit the growth of these leukemic cells over a 4-day period (Fig. 5), The 
effects of lA and ID and IE on L1210 cell growth, therefore, are not worth testing. 
Since these compounds inhibit DNA synthesis to a lesser degree than 2D and 2E and 2B 
and 2C (Fig. 2), they are very unlikely to significantly decrease tumor cell growth in 
vitro. In contrast, the same four new compounds shown to inhibit DNA synthesis by 79% 
or more (Fig. 2) also dramatically block the growth of L1210 cells in vitro (Fig. 5), At 
50 /tM, 3 A, 3D and 3E, 2 A and 3B and 3C all mimic the inhibition of L1210 cell growth 
caused by 10 fiM CPT (Fig. 5). The similar magnitude of these inhibitory effects is more 
evident on a non-logarithmic scale. Indeed, 50 /zM 3A, 3D and 3E, 2A and 3B and 3C 
all reduce the increasing numbers of untreated L1210 cells observed in control wells after 
3 and 4 days in culture by 91-100% (Fig. 6). 

The ability of 3A and 3D and 3E to inhibit the growth of L1210 cells in vitro is 
clearly concentration-dependent between 3.12 and 50 pM (Figs. 7-9), On an equal 
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concentration basis, 3D and 3E are slightly more effective than 3A but 50 /xM 
concentrations of these new agents are required to match the inhibitory effect of 3,12 fiM 
CPT. When the inhibitory effects are expressed as % of the increasing numbers of 
untreated cells present each day in control culture wells, the magnitudes of inhibition for 
each concentration of 3A and 3D and 3E generally increase over a 4-day period (Figs. 8 _ 
and 9). Because the drugs increasingly slow down or block the rate of tumor cell growth, 
the difference between the number of exponentially growing control cells and the reduced 
number of drug-treated cells keeps increasing with the number of days in culture. This 
effect is even more apparent with 2 A (Figs. 10 and 11), 

The inhibition of tumor cell growth by 2A increases with the concentration tested 
(Fig. 10). And the effectiveness of each concentration increases with the time in culture 
(Fig. 11). But the shape of the concentration-response curve is similar at each time point 
tested. For instance, every day, the concentration-dependent inhibitory effect of 2A is 
maximal at 6,25 and plateaus thereafter (Fig. 11). However, the 6.25 
concentration of 2A reduces the increasing numbers of untreated L1210 cells observed at 
1, 2, 3 and 4 days in control wells by 28, 74, 90 and 94%, respectively (Fig. 11). These 
results, therefore, suggest that the effectiveness of 3A, 3D and 3E, 2A and 3B and 3C as 
inhibitors of tumor cell growth in vitro is a combination of drug concentration and 
duration of action. Obviously, concentrations of 2A much smaller than 1.56 fiM should 
be tested since this level of drug has no effect after 24 h but inhibits tumor ceU growth by 
83% after 96 h (Fig, 11). 

Concentrations of 2A up to 8 times lower than 1.56 /iM, therefore, were tested in 
another experiment for their ability to inhibit the growth of L1210 cells in vitro (Figs. 12 and 
13). Again, the concentration-dependent inhibitory effects of 2A (Fig. 12) clearly increase 
with tiie number of days in culture (Fig. 13). As a result, the concentrations of 2A that 
reduce by 50% (ICjq) the increasing numbers of untreated cells in control wells at 1 , 2, 3 and 
4 days are 11,0, 2.0, 1.1 and 1.1 /xM, respectively (Fig. 13). Similarly, 0.78 /iM CPT 
reduces the increasing numbers of untreated L1210 cells observed at 1, 2, 3 and 4 days in 
control wells by 46, 85, 97 and 99%, respectively (Fig. 13). The magnitude of this effect 
over a 4-day period is mimicked by 6.25 fiM 2A, suggesting tiiat this new tricyclic pyrone 
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analog is about 8 times less potent than the anticancer drug CPT at inhibiting leukemic cell 
growth in vitro, an observation which is consistent with the respective potencies of 2A and 
CPT on DNA synthesis in the same L1210 system. The apparent discrepancy between the 
effects of 1.56 /iM 2 A on DNA synthesis (Fig. 4) and tumor cell growtii (Figs. 11 and 13) 
5 may simply be due to the fact that the incorporation of ^H-thymidine into DNA waa 
determined after only 90 min of drug treatment. Longer periods of incubation prior to pulse 
labelling might be required to demonstrate the inhibitory effects of low concentrations of 3 A, 
3D & 3E, 2A and 3B & 3C on DNA synthesis. 

10 This invention is described with reference to preferred embodiments; however, it will 

be apparent to those skilled in the art that additional equivalent procedures and compositions 
may be substituted in the practice of this invention for those disclosed herein within the scope 
and spirit of applicants* contribution to the art. The appended claims are to be interpreted 
to include all such modifications and equivalents- 
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CLAIMS 

1. A compound selected from the group consisting of compounds of the formula: 



r' 

wherein: 

Ti is independently CH, N, S or O; 
X is independently O, NH or S; 
Y is indq)endendy O, NH or S; 
Z is independentty CH, N, S or O; 
is independently Formula I; or 

and R^ and R"* and R^ are, independently H, OH, alkyl, alkenyl, alkynyl, 
an aromatic ring system, 

OR, C-OR, 0-C-R, NHz. NHR, NRz, W, CW3, SH, SR, MOR, M-C-OR, M 
O 

0-C— R, M-NH2, MNHR, MNR2, MW, MSH, MSR, A, or MA, 

wherein R and M are independently H, alkyl, alkenyl or alkynyl, an aromatic 
ring system, amino, amido, sulfhydryl, or sulfonyl, W is CI, F, Br or OCl, and A 
is an aromatic ring system; 

R^ and R^ are independendy H or R where R is defined above; 
compounds of the formula: 
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wherein : 

X, Y and R^-R^ are as set forth for Formula I; 

R^ is independently Formula 11 or as set forth for Formula I; 

R^^ is independently NH2, OH, or OCOR where R is H, or alkyl; 

R^^ is independently OH or H; and 

R^^ and R^^ taken together are O; 

compounds of the formula: 




wherein: 

X, Y, T, Z, R^ and R^ are as set forth for Formula I; 
R^ is independmtly Formula HI or as set forth for Formula I; and 
R^ is H when r'^ is OH, or R^ is OH when r'^ is H, or R^ and r"^ 
together are =0; 
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wherein: 



is independently Formula IV or as set forth for Formula I and 
forth for Formula I above and R^ R^ and R^ are defined as R^ for Formula I above; 



IS as set 



and compounds of the formula: 




wherein R^ is independently Formula V or as set forth for Formula I above. 
A compound of claim 1 having the formula: 

,4 




wherein: 
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R' is indq)endently selected from the group consisting of H, R, 3-pyridyl, R- 
substituted 3-pyridyl, phenyl, R-substituted, di-substituted and tri-substituted phenyl, 
O-R-substituted, di-substituted and tri-substituted phenyl where R is as defined above; 

r2 and r' are independently selected from the group consisting of H and R, where 
R is as defined above; 

R and R and R are independently selected from the group H, R, OH, OCHO, and 
OR where R is as defined above; and 

T and Z are independently selected from the group consisting of CH, N, S and O. 
3. A compound of claim 2 wherein: 

R^ is indqwndenfly selected from the group consisting of alkyl, 3-pyridyl and 3,4- 
dimethoxyphenyl; 

2 

R is independentiy selected from the group consisting of H and CH3; 

R is independently selected from the group of H, OH, and OCHO; 
R^ and R^ are independently H; 

R^ is independently selected from the group of H and isopropenyl; and 
T and Z are independently CH. 

4. The compound of claim 3 wherein R^ is an alpha substituent. 

5. The compound of claim 3 wherein R'' is a beta substituent. 

6. The compound of claim 3 wherein R^ is CH3 and R^, R^ and R^ are H. 
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7. The compound of claim 3 wherein and are CH3, is selected from the group 
consisting of OH and OCHO, and R^ is H. 

8. The compound of claim 7 wherein R^ is OH. 

9, The compound of claim 7 wherein R^ is OCHO. 

10, The compound of claim 3 wherein R^ is 3-pyridyI, R^ is H or CH3, and R^ and R^ 
are H. 

IL The compound of claim 3 wherein R^ is 3-pyridyl, R^ is selected from the group 
consisting of H and CH3, R^ is selected from the group consisting of OH and OCHO, 
and R^ is H. 

12. The compound of claim 3 wherein R^ is 3,4-dimethoxyphenyI, R^ is selected from the 
group consisting of H and CH3, R^ is selected from the group consisting of OH and 
OCHO, and R^ is H. 

13. The compound of claim 3 wherein R^ and R^ are H, and R^ is isopropenyl. 

14. The compound of claim 13 wherein R^ is CH3. 

15. The compound of claim 13 wherein R^ is 3-pyridyl. 

16. The compound of claim 13 wherein R^ is 3,4 dimethoxyphenyl. 

17. A compound of claim 1 selected from the group consisting of 3-(3-pyridyl)-lH- 
5a,6,7,8,9-pentahydro-l-oxopyrano[4,3-b]benzopyran;3-(3,4-dimethoxyphenyl)-lff- 
5a,6,7,8,9-pentahydro-l-oxopyrano[4,3-b]benzopyran; cis- and rrfl/w-3-(3,4- 
dimethoxyphenyl)-5a-methyl-6-formyloxy-1^^5a,6,7,8,9-pentahydr(>-lK)xopy^a^ 
b]benzopyran; cis- and rran5-3-(3-pyridyl)-5a-metiiyl-6-formyloxy-lff-5a,6,7,8,9- 
pentahydro-l-oxopyrano[4,3-b]ben2opyran; cis- and mw-3-(3,4-dimetiioxyphenyl)-5a- 
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methyl-^hydroxy-l£f-5a,6J,8,9-pentahydro-lK)xopyrano[4,3-b]benzopyr^ 3-methyl- 
lff-5a,6,7,8,9-pentahydro-l-oxopyrano[4,3-b]benzopyran; cis- and /rc«j-3-5a- 
dimethyl-6-formyloxy-l^r-5a,6,7,8,9-pentahydro-l-oxopyrano[4.3-b]benzopyraii9nd 
cis- and ^rcny-3-(3-pyridyl)-5a-methyI-6-hydroxy-lff-5a,6,7,8,9-pentahydro-l- 
oxopyTano[4,3-b] benzopyran; 3 -(Methoxycarbonylmethyl)-lH-5a,6,7,8,9-penfahydrot 
l-oxopyrano[4,3-b] [l]benzopyran; 3-(Carboxymethyl)-lH-5a,6,7,8,9-pentahydro-l- 
oxopyrano[4,3-b][l] benzopyran; (5aS*,9aS*,10S*)-9a, 10-Epoxy-3-(3-pyridyl)-lH- 
5a,6,7,8,9,9a, 10-heptahydro-l-oxopyrano[4,3-b][l] benzopyran. and 

(5aS*9aR*10R*)-9a.l0-Dihydroxy-3-(3-pyridyl)-lH-5a,6.7,8,9,9a,l(^heptahydro^ 
oxopyrano[4,3-b][l] benzopyran. 



18. A compound of claim 1 selected from the group consisting of 3-(3-pyridyI)-l/y- 

5a,6,7,8,9-pentahydro-l-oxopyrano[4,3-b]benzopyran3-(3,4-dimethoxyphenyl)-lH- 
5a,6,7,8,9-pentahydro-l-oxopyrano[4,3-b]benzopyran; cis- and frfln5-3-(3,4- 

dimethoxyphenyl)-5a-methyl-6-fbnnyloxy-l£r-5a,6,7,8,9-pentahydro-l-oxopyrano[4,3- 
bjbenzopyran; cis- and /nMtf-3-(3-pyridyl)-5a-methyl-6-formyloxy-lH-5a,6,7,8,9- 
pentahydro-l-oxopyiano[4,3-b]benzopyran; cis- and m»ts-3-(3,4-dimethoxyphenyl)-5a- 
methyl-6-hydroxy-lfl-5a,6,7,8,9-pentahydro-l-oxopyrano[4,3-b]benzopyTan;andcis- 

and fra/M-3-(3-pyridyl)-5a-methyl-6-hydroxy-l/^-5a,6,7,8,9-pentahydro-l- 
oxq)yrano[4,3-b] benzopyran. 

19. A compound of claim 1 selected from the group consisting of 3-(3-pyridyl)-liy- 
5a,6,7,8,9-pentahydro-l-oxopyrano[4,3-b]benzopyran;3-(3,4-dimethoxyphenyl)-lfl^- 
5a,6,7,8,9-pentahydro-l-oxopyrano[4,3-b]benzopyran; and cis- and /raw-3-(3,4- 

dimethoxyphenyl)-5a-methyl-6-formylQxy-l^r-5a,6,7,8,9-pentehydro-l-oxopyrano[4,3- 
b]benzopyian; and cis- and »-arey-3-(3-pyridyl)-5a-methyl-6-hydroxy-lH-5a,6,7,8,9- 
pentahydro-l-oxopyrano[4,3-b]benzopyran. 



20. 



A compound of claim 1 wherein said compound is l,8-Di-{3-[lH-5a,6,7,8,9- 
pentahydro-l-oxopyrano[4,3-b][l]benzopyranyl]}-2,7-octanedione. 
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21 . A compound of claim 1 selected from the group consisting of (5aS, 7S)-7-Isopropenyl- 
3-methyHH-5a,6,7,8,9-pentahydro-l-oxopyrano[4,3-b][l] benzopyran, (5aS, 7S)-7" 
Isopropenyl-3-(3-pyridyl)-lH"5a,6,7,8,9-pentahydro-l-oxopyrano [4,3-b][l] 
benzopyran, (5aS,7S)-7-Isopropenyl-3-(3,4-dimethoxyphenyl)-lH-5a,6,7,8,9- 
pentahydro-l-oxopyrano[4,3-b][l] benzopyran; (5aS,7S)-7-[2-(Miydroxypropyl)]-3r 
methyl-lH-5a,6,7,8,9-pentahydro-l-oxopyrano[4,3-b][l]benzopyran;(5aS,7S)-7-^ 
(Formyl)ethyl]-3-methyHH-5a,6 J,8,9-pentahydro-l-oxopyrano [4,3-b][l] benzopyran; 
(5aS,7S)-7-[2-(l-Hydroxypropyl)]-10"hydroxy-3-(3,4-dimethoxyphenyl)-lH- 
5a,6,7,8,9,9a, lO-heptahydro-l-oxopyrano [4,3-b][l] benzopyran, and (5aS, 7S)-7-[2- 

(l-Pentanoyloxypropyl)]-10-hydroxy-3-(3,4-dimethoxyphenyl)-lH-5a,6,7,8,9,9a,10^ 
heptahydro-l-oxopyrano [4,3-b][l] benzopyran. 

22. A compound selected from the group consisting of compounds of the formula: 




wherein: 

and are independently defined as R^ in claim 1; 

R^° and R^^ and R*^ and R^"^ are indqxlendently defined as R^ in claim 1; and 

R is H, alkyl, alkenyl or alkynyl, an aromatic ring system, amino, amido, 
sulfhydryl, or sulfonyl. 

23. The compound of claim 22 wherein is 3-pyridyl, r'° is OCHO, R^ ^ is CH2CO2H, 
and R^^ and R^^ and R*'* are H. 
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24. A method of making a compound of claim 1 comprising contacting: 
(a) a compound of the formula: 



whaein X and are as defined in claim 1; and 

Z is a reactive group comprising Y as defined in claim 1 ; 

with 

(b) a compound having an aldehyde substituent of the formula: 

CHO 



••^?R 



wherein: 

R^, R^, R"^, and R^ are as defined in claim 1 and R^ is defined as R^ in claim 

1; and 

T and Z are indepmdently selected firom the group consisting of CH, N, S and 

O, 

under reaction conditions whereby a condensation reaction takes place between said 
compounds of paragraphs (a) and (b) whereby reactive group Y reacts with said 
aldehyde substituent to form a compound of claim 1. 



25* A method of making a compound of claim 2 comprising contacting: 
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(a) a compound of the formula: 




wherein: 

and are as defined above; with 
(b) a compound of the formula: 




wherein: 

R^ is as defined above. 



26. A method of inhibiting macromolecule synthesis in cancer cells in a patient comprising 
administering to said patient an effective amount of a compound of claim 1. 

27. A method of inhibiting macromolecule synthesis in cancer cells in a patient comprising 
administering to said patient an effective amount of a compound of claim 2, 

28. A method of inhibiting macromolecule synthesis in cancer cells in a patient comprising 
administering to said patient an effective amount of a compound of claim 17. 

29. A method of inhibiting tubulin polymerization in a patient comprising administering 
to said patient an effective amount of a compound of claim 1. 



30. A method of inhibiting cancer cell growth in a patient having cancer comprising 
administering to said patient an effective amount of a compound of claim 1. 
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31. A method of inhibiting acetylcholinesterase in a patient suffering from Alzheimer's 
disease comprising administering to said patient an effective amount of a compound 
of claim 1. 

32. A method of inhibiting cholesterol acetyltransferase in a patient suffering from 
atherosclerosis or hypercholesterolemia comprising administering to said patient an 
effective amount of a compound of claim 1. 

33. A method of making a compound of claim 22 comprising contacting: 
(a) a compound of the formula: 



CHO 




R 



19 



wherein: 



R^^ and R^® are independently defined as R^ in claim 1; 



R^^ is CH2R, wherein R is as defined as R^ in claim 1; 



with 



(b) a compound of the formula 




OH 



wherein R^ is defined as in claim 1. 
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34. A method of making a compound of Formula E of claim 33 comprising contacting: 

(a) a compound of the formula; 

O 

wherein is defined as in claim 1; 
with 

(b) a compound of the formula: 

OMs 




X /— ( 
\=l/ 



wherein X is I, Br, or CI, and Ms is methanesulfonyL 
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